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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
Bureau or Enromooey, 
Washington, D. C., October 6, 1908. 
Srr: I have the honor to transmit herewith for publication as 
Bulletin No. 77, of the Bureau of Entomology, a manuscript prepared 
by Dr. W. E. Hinds and Mr. W. W. Yothers under the direction of 
Mr. W. D. Hunter. This manuscript deals with the hibernation of 
the Mexican cotton boll weevil. The winter season is a critical period 
in the life history of this very destructive pest. An exact knowledge 
of its hibernation throws much light on practical control. For 
this. reason careful experimental studies have been carried on for 
several years. On account of their importance the results are pre- 
sented somewhat in detail. The illustrations will add greatly to the 
clearness and force of the text. 
Respectfully, 
L. O. Howarp, 
Entomologist and Chief of Bureau. 
Hon. JAmEs WILSON, 
Secretary of Agriculture. 
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ing to escape through wire on October 20, 1906. Fig. 2.—Section 
1, in which weevils were placed October 13, 1906, 2.61 per cent 
surviving. Fig. 3.—Section 4, started October 16, 1906, 4.07 per 
ere ei Pee, See Ae ee ee ae ec a aan ae = baw es tletie~ 
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Section 7, with hanging moss in top of cage. Fig. 2._Same sec- 
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Shelter conditions producing average survival at Dallas, Tex. Fig. 
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Exceptionally favorable conditions and boll experiment. Fig. 1.— 
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Natural conditions annually reduce enormously the numbers of the 
cotton boll weevil. Although no two seasons are exactly alike, never 
more than a small percentage of the weevils in the fields in the fall is 
permitted to survive until spring. In fact, winter is the most critical 
season in the whole life history of the weevil. Any steps in control 
of the weevil during the winter are therefore much more important 
than those which can be taken at any other season of the year. To 
destroy ten weevils in the winter is much better than to destroy many 
thousands in the summer. The cotton boll weevil is now causing a 
damage in the United States each year of at least $25,000,000. The 
indications are that this amount will continue to be lost for some time 
at least on account of the difficulties in control which will be encoun- 
tered in the Mississippi Valley. For these reasons the Bureau of 
Entomology has conducted careful investigations of the hibernation 
of the weevil and presents the somewhat detailed results in this 
bulletin. 

Until this time the hibernation of the boll weevil has been less 
understood than any other phase of its life history. This was due to 
the great difliculty in obtaining the necessary data and the fact that 
the phenomena of hibernation are not necessarily identical in different 
seasons. In fact, it will be seen from the following pages that there 
have been very important dissimilarities between the years when 
special observations have been under way. The necessary repeated 
work in large cages in different localities has now been carried on and 
extensive field observations have been made in various representative 
parts of the infested area as to the natural situations in which the 
hibernating weevils occur. As a result, the present bulletin will 
make the life history of the boll weevil during the winter season at 
least as well known as any other portion of its biology. 

In the work leading to this bulletin practical considerations have 
always received primary attention. However, it has repeatedly been 
shown that careful detailed investigations of injurious insects may 
result in important suggestions for control that are not foreseen at the 
beginning of the work. Therefore the topic of the hibernation of the 
boll weevil has been investigated from every possible standpoint. 
Its importance, as a critical period in the life history of a most injuri- 
ous pest, has abundantly warranted this work. 
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Foremost among the points of immediate practical application 
shown in this bulletin is the enormous importance of the fall destruc- 
tion of the plants. This has been one of the recommendations of the 
Bureau of Entomology for some years. Its importance will increase 
rather than diminish in the regions now invaded by the insect. The 
cage experiments at Dallas, Calvert, and Victoria, Tex., in the winter 
of 1906-7 have given most important and accurate data showing 
exactly what may be accomplished by the fall destruction of the 
plants at various dates. This bulletin, moreover, shows the most 
favorable and least favorable conditions in the hibernation of the 
weevil. This information can be put to practical use by every farmer 
in the infested area. It shows exactly where the most effective work 
can be done. A not unimportant feature is the showing of the abso- 
lute impracticability of late planting to obviate damage by the boll 
weevil by reason of the remarkable longevity of hibernated individuals 
without any green food whatever. 

The information included in this bulletin has been accumulated 
through the investigations and observations of the numerous agents 
connected with the work during the seasons of 1902-1907. “Some of 
the facts have been briefly stated in previous publications, particularly 
Bulletins 45 and 51. The manuscript for the present publication was 
prepared during the summer and fall of 1907, and since that time 
some of the conclusions drawn from this study have been published in 
connection with other bulletins and circulars relating to the weevil 
and its control. But in no other instance have all of the facts been 
considered or their complex, intimate, and important co-relationships 
studied as in this work. 

On account of the large amount of work that has been done and the 
practical importance of many of the conclusions drawn it has been 
considered that full indication should be made in the bulletin of the 
methods by which the conclusions and recommendations are reached. 
Therefore special pains have been taken to give all essential data and 
to represent by charts matter that can thus be graphically expressed. 

It will be noted that the various experiments dealt with in this 
bulletin are taken up according to the years in which the work was 
carried on. The result is that some special topics, such as time of 
entrance into hibernation, will be found discussed in several places. 
It has been found entirely impracticable to follow a strictly topical 
system and discuss each point connected with hibernation with refer- 
ence to the work of the various years. This impracticability is due 
principally to the great natural variations in the seasons. Never- 
theless the first part of the bulletin discusses the general feature of 
hibernation and the summary at the end has been written in such a 
way as to bring the principal conclusions on the various topics into 
condensed form. 
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The question of credit to the various investigators who have con- 
tributed to this bulletin is rather complicated. Mr. E. A. Schwarz 
studied carefully the hibernation of the weevil at Victoria, Tex., in 
the winter of 1901-2 and his observations have been utilized. Later 
Mr. Wilmon Newell, secretary of the State Crop Pest Commission of 
Louisiana, assisted by Mr. J. B. Garrett, planned and executed a 
series of experiments in the hibernation of the weevil which was much 
more extensive than any similar work that had been done up to that 
time in this country. This work was done in cooperation with the 
Bureau of Entomology, and the results, through the liberality of 
Mr. Newell, have been largely incorporated into this bulletin. Mr. 
J. D. Mitchell contributed important facts from observations during 
several seasons, especially with reference to actual winter field con- 
ditions. Many of the details in the plans for the extensive work of 
1906-7 were worked out by Dr. W. E. Hinds, who also superintended 
the extensive tedious work necessary during the following spring. In 
all this work Doctor Hinds was assisted by Mr. W. W. Yothers, by 
Mr. A. C. Morgan, who had charge of the work with the large cage 
near Victoria, and by Mr. C. R. Jones, who was located at Calvert. 
Mr. Yothers collaborated with Doctor Hinds in the arrangement and 
correlation of the data obtained at the places mentioned and in placing 
in manuscript form the records of many of the experiments of previous 
years. For two winters Mr. Yothers carried on special observations, 
largely of his own planning, as to actual field conditions. In this 
work he collected large quantities of bolls and various forms of trash 
in and about cotton fields, and from careful examinations of this 
material in the laboratory he was able to determine many very impor- 
tant facts in regard to the several classes of rubbish, or winter shelter, 
which are most likely to protect weevils and to insure their successful 
survival through the winter season. 

W. D. Hunter, 
In Charge of Southern Ficld Crop 
Insect Investigations. 


HIBERNATION OF THE MEXICAN COTTON BOLL 
WEEVIL. 


ENTRANCE INTO HIBERNATION. 


In the study of hibernation of the Mexican cotton boll weevil 
(Anthonomus grandis Boh.) we shall first consider the factors affect- 
ing the abundance of weevils which may enter hibernation, the 
dependence of the number of weevils present upon preceding con- 
ditions of food supply, the climatic conditions accompanying or 
producing the beginning of hibernation, and other biological facts 
which may be of interest or value in connection with this division 
of the subject. 


SUPPLY OF WEEVILS TO ENTER HIBERNATION. 


The common name ‘cotton boll weevil,’ which is uniformly 
applied to this insect, may be in part at least responsible for a mis- 
leading impression in regard to the most common point of attack 
and place of development of this weevil. The common name was 
first applied because of the fact that in the first recorded case of this 
insect attacking cotton the specimens were found in bolls. It is a 
fact, however, that by far the greater number of weevils to be found 
in any field at any season of the year have really developed within 
the buds or squares rather than within the bolls. In the first place, 
it is perfectly evident that during the entire growing season of the 
plant, in the infested area, probably not much more than 10 per cent 
of the squares which form ultimately produce bolls. For this reason 
the weevils find opportunities for reproduction many times greater 
in squares than in bolls. In the second place, a careful study of the 
habits of the weevils shows that they prefer squares both for feeding 
and for reproduction. In the third place, the average period required 
for development in squares is only one-half to one-third as great as 
it is in bolls which become more than one-half grown. These three 
considerations insure a far more rapid and abundant multiplication 
of individuals through the medium of squares than through bolls. 
Wherever weevils have been present in average abundance at the 
beginning of the season, unless they have been unusually checked 
by climatic conditions unfavorable to their development, a condition 
of total infestation of squares is usually reached between August 1 

11 


12 HIBERNATION OF THE COTTON BOLL WEEVIL. 


and 20. By this time practically all of the crop which can be expected 
will have been set and many of the oldest bolls will be found maturing. 
If a moderate crop of bolls is bemg matured the formation of squares 
usually ceases, almost if not entirely, for a period of several weeks. 
Whereas in the early part of the season female weevils could find 
abundant opportunities for depositing their eggs in previously unin- 
fested squares, after the time of total infestation is reached such 
opportunities practically cease to exist. The available supply of 
squares and bolls becomes too small to support the large number of 
weevils which may be present, and conditions become decidedly 
unfavorable for their further multiplication. It is at this season of 
the year, usually from August 15 to September 20, that the largest 
general dispersion movements of the weevils take place. It is at this 
season also, during recent years, that the cotton leaf-worm has 
become sufficiently abundant to secure a partial or complete defolia- 
tion of the plants. While the occurrence of the leaf-worms is by no 
means regular, the effect of their work is to still further limit the 
available food supply of the boll weevil and to force them into a more 
general dispersion from the defoliated plants. On account of the 
reduced supply of squares, the increased period of development in 
bolls, and the extensive dispersion movements of the weevil at this 
season of the year, it usually happens that the actual number of 
individuals in a field becomes greatly reduced. 

Following the maturity of a considerable portion of the crop of 
bolls, and usually in connection with the occurrence of a heavy rain- 
fall, a renewed growth of the plant commonly produces an abundance 
of squares. It is this late top growth of the plant, which serves no 
good purpose so far as further production of cotton is concerned, 
that is primarily responsible in most fields for the needlessly large 
number of weevils produced between the time of maturity of the 
crop and the usual time of destruction of the plants by frost. A 
large proportion of the weevils which become adults before Septem- 
ber 1 may be expected to die, either as cold weather comes on or 
during the early part of the winter season. The later-developed 
weevils, however, have not exhausted their vitality and are much 
more likely to survive the full hibernation period. The importance, 
therefore, of preventing or of reducing the formation of squares 
following the period of maturity of the bolls can be easily appreciated. 

To sum up briefly the principal points in the development of 
weevils which may enter hibernation, we may say that from the 
beginning of the formation of squares until the plants are destroyed 
by frost the development of the boll weevil is a continuous 
process. During the usual fruiting period of the plant it is possible 
that as many as eight generations of the weevil may be produced, 
especially in southern Texas. It is also possible that during this 
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period individuals may exist which represent an advance of only 
one generation. During the entire season the average period required 
for development, in squares, from the deposition of the egg to the 
emergence of the adult weevil is from 18 to 20 days. In bolls the 
developmental period may exceed 60 days. The average period 
during which each female may deposit eggs is between 50 and 60 
days. The average number of eggs which each female may be 
expected to deposit is not far from 100. The average period required 
for each generation is between 40 and 45 days. In southern Texas, 
therefore, five full generations of the weevil may usually be expected, 
and owing to the somewhat shorter season and lower temperatures 
occurring In northern Texas four generations is probably the true 
average in that section of the State. There is no particular hiber- 
nation brood, but representatives of all generations may survive 
and enter hibernation. From these considerations it will be readily 
understood that during the latter part of the season the multiplica- 
tion is primarily dependent upon the food supply, and that the com- 
mon practice of allowing stalks to stand after the crop becomes 
matured is primarily responsible for a large proportion of the weevils 
which may enter hibernation. 

It is but repeating statements which have been frequently made 
in former publications of this investigation to say that the vain 
hope of securing some top crop of cotton, in case there should be a 
late fall, is probably the principal reason which has been urged for 
allowing this growth of the plant. So far as we know there is no 
record of a top crop ever having been secured in a field which had 
become thoroughly infested with boll weevils earlier in the season. 
While it is true that in uninfested regions some top crop has occa- 
sionally been formed and may occasionally be secured in the future, 
it is not putting the facts too strongly to say that within the weevil- 
infested area this has never occurred and should never be expected. 


STAGES ENTERING HIBERNATION. 


The reproductive activity of the weevil continues steadily until 
the plants are destroyed by frost. It gradually decreases coinci- 
dently with the gradual decrease in heat. All stages from the egg 
to the adult may be found in both squares and bolls, even after frosts 
have occurred. The immature stages in squares are not immediately 
killed unless the freeze is exceptionally severe, but probably very 
few of these survive to reach maturity and to emerge during the 
following spring. Only those which are nearly adult at the time 
frost occurs may be expected to emerge. These might emerge upon 
warm days following the colder weather, but in the absence of a 
fresh food supply would soon die. In the fall of 1903 Prof. EK. D. 
Sanderson records, from an examination of 700 squares at the middle 
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of November, finding 79 eggs, or that 11 per cent of the squares 
contained eggs. From an examination of 1,600 squares he states 
that 366 larvee were found, showing that about 23 per cent of the 
squares contained larve at the time of entrance into hibernation. 
Some stages may survive in squares for a short time after the freeze, 
but there are few records of weevils entering hibernation at immature 
stages in squares and surviving to emerge therefrom in the spring. 
These stages are therefore unimportant from an economic point of 
view. 

With immature stages entering hibernation in bolls (PI. IT, fig. 3) the 
case is quite different from that in squares. Extensive examinations 
have been made at various times in widely separated localities to deter- 
mine the possibility of these stages maturing in the bolls during the 
winter and emerging in the spring. About the middle of November, 
in the winter of 1903-4, it was sufficiently cold at Victoria to destroy 
cotton plants. By the last week in December two hard frosts and 
one freeze had occurred, but at that time living larve, pupx, and 
adults could be very commonly found in unopened bolls. Two 
weeks later, upon making another examination, Mr. J. D. Mitchell 
found a smaller proportion of larvae with more pup and adults. 
Examinations were also made on January 17 and 31 and February 
4 and 17, 1904. In the course of these examinations 23 larve, 30 
pupe, and 144 adults were found, and most of them were living. At 
Terrell, Tex., on December 15, 1904, in examinations of 200 bolls 
Mr. C. R. Jones found 101 larve, 16 pupe, and 4 adults, all of which 
were alive. Fifteen days later, in examining 100 dry bolls, he found 
20 larve, 16 pups, and 8 adults. Sixty per cent of the larve, 87.5 
per cent of the pupe, and 62.5 per cent of the adults were alive on 
December 30. On January 7, 1905, in an examination of 300 dried 
bolls 29 larve, 19 pup, and 13 adults were found, while the per- 
centage of living, in each stage, had fallen to 17.2 for larve, 15.8 for 
pupe, and 7.7 for adults. At Wharton, Tex., after the middle of 
November, 1905, an examination of 52 bolls disclosed 30 larvee and 
2 pupe, all of which were alive. 

These records might easily be multiplied, but it is unnecessary 
to do so to prove that very large numbers of weevils enter upon the 
period of hibernation as immature stages and that during many 
seasons, especially in the southern part of the State, a large per- 
centage of these complete their development, and that many weevils 
may survive until time for their emergence in the spring. This 
point is emphasized especially because of its significance in regard 
to the most advisable method for destroying the stalks together 
with the infested unopened bolls which may remain upon them 
late in the season. Upon page 26 will be found records showing the 
results of extensive examinations of bolls during the winter and 
early spring, which add much emphasis to this point, 
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ENTRANCE INTO HIBERNATION. it 
TIME OF ENTERING HIBERNATION. 


Before discussing the question of the time at which weevils usually 
“enter hibernation’’ it seems desirable to explain the sense in which 
that term is used. The action of the weevils in securing shelter from 
approaching cold is not intelligent. It is probably true that they 
have no such sense of sight as we commonly understand from the 
use of that word and that their selection of shelter is not at all 
guided by that sense. We mean by this that a weevil on a cotton 
plant can not see at any distance shelter which might be attractive 
to it and thereupon fly from the plant to the shelter. It is true that 
cold nights with a temperature between 40° and 50° F. succeeded 
by warm still days, such as occur commonly in the fall, do seem to 
stimulate the weevils to an unusual activity both in flight and in 
crawling. It may be true that they have an instinctive knowledge 
of the approach of temperature conditions from which they must 
secure shelter, but it is also true that many weevils remain active 
upon plants for some time after the plants have been destroyed by 
frost and frequently until several weeks after other individuals 
have entered hibernation. In speaking of entering hibernation, 
therefore, we mean the entrance of the weevils upon a period of 
comparative if not complete inactivity. Their action in securing 
shelter is gradual and governed primarily by the degree of protec- 
tion from the cold which they may receive. If early in the season 
a weevil accidentally finds shelter which gives it exceptional pro- 
tection from the cold it will likewise be exceptionally protected from 
heat, and therefore less likely than are other less fortunate indi- 
viduals to resume its activity upon warm days. If at first the 
shelter which weevils find is but slight, they will be easily influenced 
by succeeding warmth, and in another period of activity will be 
likely to find better protection. Their flight upon warm days un- 
doubtedly leaves large numbers of them outside of the cotton fields, 
where they are as likely to find favorable shelter as within the fields 
themselves. 

From this explanation it will be understood that it is rarely pos- 
sible to indicate by a single date the time when weevils enter hiber- 
nation. It may be better expressed as a period within the limits 
of which a large majority, though possibly not all, weevils may seek 
shelter. Naturally this time varies according to the seasonal tem- 
perature conditions, so that in one locality it may occur several 
weeks earlier in one season thanin another. It is also evident that 
differences in temperature conditions due to latitude or altitude will 
cause a similar variation in the time when weevils enter hibernation. 
In the following paragraph are given the approximate dates which 
have been determined for this event at various localities since 1902, 
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At Victoria, Tex., large numbers of weevils were still active in 
the fields about the middle of December, 1902, at which time direct 
observations were discontinued. It is probable, however, that 
weevils were gradually seeking winter quarters at any time after 
the first of that month. Prof. E. D. Sanderson states that at College 
Station, Tex., in 1903 weevils did not enter hibernation until after a 
freeze which occurred on November 18. After this date they soon dis- 
appeared. In 1903, at Victoria, hibernation began between Novem- 
ber 15 and 30. At several points between College Station and Terrell, 
Tex., in 1904, hibernation began about November 10 and was not 
complete until early in December. During this same year at Victoria 
it occurred during the period from November 11 to about December 
8. The following year at Victoria it did not occur until after Decem- 
ber 15, while in 1906 at the same place weevils entered hibernation 
between November 9 and 20. At Dallas, Tex., in 1905, few weevils 
entered hibernation before the end of November, when heavy frosts 
occurred, but they disappeared in the fields during the first few days 
of December. At Dallas in 1906 weevils entered hibernation between 
November 15 and December 1. 

These conclusions as to the approximate periods when weevils 
entered hibernation are based upon field observations which showed 
the gradual disappearance of the weevils from the plants. The con- 
clusions from field observations are supported, also, by those from 
cage experiments. 


PROPORTION OF EACH SEX AMONG WEEVILS IN FALL. 


Determinations of sex proportion among weevils in midsummer 
have shown that during that period the sexes exist in approximately 
equal numbers. As the development becomes retarded by approach- 
ing cold weather there seems to be a tendency toward the production 
of more males than females. The generally longer life of males may 
also account in part for the increased proportion of that sex, which 
is shown in the following table: 


Taste 1.—Proportion of male and female weevils at time of entering hibernation. 


Male. Female. 
Year. a a : = as ae 

| Number. | Per cent. | Number. | Per cent. 

| ne ie <a 
1904... x narale. fo ecerrere 557 63.7 CLT B0.0 
LOD Ser Seek eee 63 | 57.7 127 42.3 
[906 2<..e5,sseeeee tL: 723))'| eects ove (hed) en eee 

|p LOOGES 2 Sees ame (ht ee ee 1d | ae ie 
LO0Bs 2.0.2 actemmele 19 57.6 | 14 42.4 
GOA 5. eee 31 62.0 19 38. 0 
1908S... 2 sae 29 | 52.7 26 47.3 

| 1,045 60. 0 | TOS 40. 0 
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From this record it appears that at the time of entering hiberna- 
tion male weevils largely predominate, being in the proportion 
approximately of 3 males to 2 females. 


NUMBER OF ADULT WEEVILS ENTERING HIBERNATION. 


It is evident that determinations bearing upon the number of 
adult weevils entering hibernation must in all cases be largely in 
the form of estimates because of the physical impossibility of making 
a thorough examination of more than a comparatively small fraction 
of an acre. In our own determinations upon this point we have fol- 
lowed the general plan of selecting average crops of plants in four 
or five different portions of the field, representing, so far as may be 
possible, different conditions in the growth of the plants which may 
influence the number of weevils to be found. The number of plants 
per acre is ultimately the basis upon which the estimate as to the 
number of weevils per acre is based. It is evident that the number 
of plants will vary widely in different localities. For example, in 
the river valleys, where the growth of the plants is rank, the average 
number may be about 5,000; whereas upon poorer land, where plants 
never become large, the number per acre may be as great as 10,000. 
From estimates made upon several hundred fields during the past 
two years it appears that the average number of plants per acre is 
not far from 7,000. We believe that this method of estimating 
the number of weevils per acre is more desirable and reliable than an 
estimation of the number of weevils per plant in which the fractions 
found in an average must be disregarded. 

In the fall of 1903 Prof. HE. D. Sanderson found from his own obser- 
vations and from reports of correspondents an average of from one 
to two weevils per plant. In the fall of 1904 an examination of 
four fields at Terrell, Tex., showed a variation of between 762 and 
over 29,000 weevils per acre. This wide variation was due primarily 
to the effect of defoliation by the cotton leaf-caterpillar in one field, 
that having the exceptionally large number of weevils not having been 
defoliated. These points are mentioned particularly to show the 
wide variation which may occur within very short distances and also 
to emphasize the effect of the work of the leaf-worm in accomplish- 
ing what is practically a more or less complete destruction of the 
stalks. 

90317— Bull. 77—09——2 
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TaBiE II.—Counts to determine number of weevils per acre at time of entrance into 
hibernation, in three localities in Texas. 


Plants r : Taawt 
A Plants 38 Weevils | Weevils pe 
Date. Locality. per acre. ee found. | per acre. Remarks. 
1904 
NOV Ss: lin berrelle=2 222 ees eee ee 10,890 100 267 29,076 | Not defoliated by leaf-worm. 
Nove 79h|3.0.- Ons Oo es 10,890 100 61 6,643 | Defoliated. 
Nov. 10 |..... COR eee ae ae 10,890 70 5 762 Do. 
Nov. 14 |__..- Oia. eee eee 10,890 | 50 7 1,742 Do. 
Averages and totals. 10,890 320 340 11,570 | Average four fields examined 
at Terrell. 
Nove t6) (Calvert). aeaeae an sereeiae 7,260 30 4 968 | Defoliated. 
DORs | Seeee AO 5 Seiceese eet eccee 7,260 40 79 14,338 Do. 
1) Of | nee (6 (0 eee ree en ee 7,260 30 4 968 | Not defoliated. 
Nove Vio |Geees re ke eens a eee 7,260 30 9 2,178 | Defoliated. 
i) Os | eee GO eee ee ee ae 7,260 30 39 9,438 | Defoliated once. 
DOr liessc CO cscs ewasc tena 7,260 30 4 900 Do. 
Nov. 18 |.-.-.- GOss sasdecees sick 7,260 50 21 3,049 | Defoliated. 
7,260 240 160 4,840 | Average seven fields exam- 
ined at Calvert. 
1905. | 
Nov. 14 6, 200 46 47 6,355 | Not defoliated. 
Do. 6,200 66 | 22 2,073 Do. 
Do. 6,080 5 48 58,368 | Many squares. 
Do. 6,200 10 | 46 28,520 Do. 
Do 6,200 10 16 1,000 | Grazed by cattle. 
Nov. 27 7,000 ee’ 25 50,000 | Estimate reduced. 
} | 
Averages and totals. 6,313 139 204 | 9,266 | Average six fields examined 
at Wharton. 


In connection with the work done at Dallas during the fall of 1906 
repeated estimates of the number of weevils per acre to be found 
upon the stalks were made in the same field beginning October 12, 
1906, and ending January 21, 1907. These figures are presented in 
Table IT. The number of plants per acre in this field was 8,300. 


TasLe II1.—Number of weevils per acre upon stalks at different dates at Dallas, Tex. 


Plants | Living | Living 
Date. | exam- | weevils | weevils 
ined. | found. | per acre. 
1906. | 
OChsl2 Aes ae eee 110 IW 9,205 
Oct..31 to Nov. 3..--- 84 190 18,774 
Nov= L0ieee= eee 60 106 | 14,663 
Novie20oe o220. see 5 Bin 29 6,877 
NOV 522 fac nee 35 | 27 6,403 
Decgltsa.. -s2. 552. 36 | 10 | 2,306 
Dete Geen oe 35 | 5 1, 186 
1907. 
ay ETD gyi ote eer 35 3 711 


The table given above shows a number of points which are of 
exceptional interest. About November 1 it may be seen that the 
number of weevils present was more than double the number of plants. 
After that time there was found to be a steady decrease in the number 
of weevils present upon the stalks. The most abrupt change was 
to be found between November 10 and 20, when more than one-half 


ENTRANCE INTO HIBERNATION. 19 


of the weevils seem to have left the plants. This decrease may be 
attributed to several factors. First, the weevils were gradually 
leaving the plants through flight, which may have carried them out- 
side the fields, and, second, many were seeking and remaining in 
shelter which was to be found upon the ground within the field. A 
hard freeze preceded by low temperatures during several days occurred 
on November 19. However, the examinations made on November 
20 and 22 showed many weevils present in the frozen squares and 
especially upon the bolls. It is apparent that these weevils did not 
immediately leave the plants, but remained upon the bolls and 
squares as long as the latter might serve as a food supply. But 
within a few days all squares and foliage became perfectly dry, and 
after this especially weevils became less active. The numbers which 
were found upon the plants after December 1 may be considered in 
a rather strict sense as in hibernation. The shelter which they could 
obtain was comparatively slight, and in the last examination, made 
on January 21, about 25 per cent of the weevils found upon the bolls 
still hanging to the stalks were dead. 

In reference to Table II attention may be called to the exceptionally 
large number of weevils found at Wharton in one field on November 
14. This was a field of about 5 acres in extent, and at the time it 
was examined the plants were exceptionally large and very luxuriant 
in growth, showing an abundance of squares. Very few bolls had 
been set, so that the entire growth of the plants seems to have been 
turned to the production of squares. As has been shown in pre- 
ceding paragraphs, such conditions would favor directly the produc- 
tion of an abnormally large number of weevils per acre. The fact 
that more than 6,000 weevils were actually collected in this field 
makes it even more certain that the estimate given, while possibly 
high, is not impossible. It may be considered as representing fully 
the maximum number of weevils which it is possible for an acre of 
cotton to support even under conditions which are most favorable 
to their development. Another series of examinations made before 
and after the freeze referred to at Dallas in a preceding paragraph 
should be considered in connection with Table III as serving to show 
the correlation between the disappearance of the weevils from 
the plants and their occurrence under shelter on the ground during the 
period when they are entering hibernation. 
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TasLe 1V.—Number of weevils under rubbish on ground at Dallas, Tex. 


Weevils 
Portion found— mee Percent- 
Field. ee ee ofacre | __ . ek age Remarks. 
‘ * | examined. Pere : alive. 
Alive. | Dead. 

1906. 

5 Co Nov. 15 | 22 plants. 4 0 1, 450 100.0 | In cracks of ground around bases 
of plants. 

y , eee nestles se 1/264 4 0 1,056 100.0 | Under rubbish on ground, 
fr ae Nov. 22 1/347 8 0 2,776 100.0 Do. 
Aran Dee. 18 1/264 5 14 5,016 26.3 Do. 

1907. | 
Bee Jan. 11 10/8384 5 | 2 5, 870 71.4 | Northeast corner of field. 
Gare: a Jan. 29 10/6236 | 1 1, 247 50.0 | Middle of field. 
ae Shiga Se 10/8384 2 2 3,354 50.0 / Near southwestern edge. 

i 


The sum total of weevils found both on plants and on the ground 
on November 22 shows an average of slightly more than 9,000 weevils 
per acre, all of which were alive. On December 18 the number that 
could be accounted for was between 6,000 and 7,000 per acre on the 
same ground which had been previously examined. On the former 
date more than two-thirds of the weevils were still upon the plants. 
On the latter date nearly five-sixths of them were on the ground and 
among those on the ground but 26 per cent were living. These fig- 
ures show that between November 22 and December 18 a very large 
mortality had occurred among weevils which had entered hiberna- 
tion and especially among those which had sought shelter under rub- 
bish upon the surface of the black-waxy soil of field A. 

There is some evidence indicating that there is normally a greater 
mortality among the weevils hibernating at the surface of heavy 
black soil than that occurring among weevils which hibernate on the 
surface of sandy soil. The reason for whatever difference there may 
really be in this mortality would seem to be quite directly attributa- 
ble to the difference in drainage conditions in the two types of soil, 
and to the characteristic adhesiveness of the black type. It is quite 
likely that the difference is sufficient to justify different methods of 
treatment for the two classes, but our knowledge of the constant 
variations and the effective factors is not yet sufficiently complete to 
justify us in making specific recommendations. 


TEMPERATURE CONDITIONS PRODUCING HIBERNATION. 


It is evident that the exact time at which weevils begin to enter 
hibernation, and that at which the entrance into hibernation be- 
comes complete, can be determined only approximately. The evi- 
dence consists largely of observations showing the decrease in the 
number of weevils which are active, the finding of weevils in a quiet 
condition within various classes of shelter, the changes in activity of 
weevils confined in cages, the cessation of feeding and of reproductive 
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activity, and the general relationship of temperature to conditions of 
food supply and weevil activity. In the following tables are shown 
the maximum and minimum temperature occurring throughout the 
period, which has been approximately determined for each of the 
localities indicated in the respective seasons. The maximum tem- 
perature is given above and the minimum temperature below the line 
for each day. Wherever the climatic records for a particular locality 
are incomplete it has been necessary to use those for some other near-by 
locality. The table shows at a glance the daily range of temperature 
in each case, which undoubtedly has considerably more significance 
in regard to the entrance of weevils into hibernation than would the 
figures showing simply the mean daily temperature. The table as 
arranged shows a comparison of the records of all localities during 
each season successively. 
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This table serves to show in a graphie way the extent of the period 
of entrance into hibernation, the varying duration of the period 
for the same locality in different seasons, and the generally later 
date of entrance in southern localities as compared with more northern 
localities in the same season. It also shows the duration of the 
period as compared with the mean average temperature prevailing. 
In general it appears that the greater the drop in temperature the 
shorter will be the period of entrance into hibernation. 


Taste VI.—Periods of entrance into hibernation, and temperatures. 


Period. Temperature. 
Year. Locality. es: 

ese “ Mean . 
Limits. Days average. Effective.a 
1903. - - | College Station, Tex.................. SE ae Nov. 15-27..-..- 13 49.5 6.5 
ao (0 Heereel Machi o) gtWeed Np. ene Ae a eee ee Nov. 15-30...... 16 53.0 10.0 
TOES sa Corsicana ml Oxi 2 ee tater yeeros Nov. 10-Dee. 5. - 26 55.0 12.0 
10262 Sse VICTOR a | Me xenon ae re ee ee ee eee Nov. 11-Dee. 8.. 28 57.5 14.5 
iNet yaa | IDPS IN) RA e com seene ane mene AAAS e A Nov. 29-Dec. 8.. 10 40.5 None. 
1905 285 | MVAGLOLLA CL CX ne cae eee cee ae are Nov. 30-Dee. 18. 19 50.0 7.0 
L906 22 =| MD Aas nex tee sce eee eee Nov. 12-Dee. 8. . 27 53.0 10.0 
1906. - “| VAC LOLI ear ee Sein eee eee ee eta Nov. 9-Dee. 21.. 43 60. 4 17.4 


aIn studying the relationship of temperature conditions to weevil activity the term ‘‘effective tem- 
Bf cee reed mss appvor! Oatoly Spee nine Obaaiiee adil ranet ate, aud ee boric i eee rN 
that this is equally true of the boll weevil. Below this temperature the weevils are usually inactive. 
thle oapianatlon (equa bearrendilg Hideiatoed Gine ae eal menoine Heer Ge ence ae 
perature is really the most significant in connection with the inactivity or hibernation of the weevil. 

It is undoubtedly true that minimum temperatures have a special 
influence in checking the activity of the weevil in spite of the fact 
that they may be below 43 degrees F. When the temperature falls 
to 32 degrees or lower the food supply of the weevils is usually rather 
completely destroyed, and this fact may serve to discourage subsequent 
activity on the part of the weevils, even though the temperature 
conditions might otherwise favor it. , 

From this table it may be seen that the shortest period of entrance 
into hibernation of which we have record is ten days. This occurred 
at Dallas, when the mean average temperature was 9 degrees lower 
than that for any other period which has been studied. 

In regard to the limits assigned to the period for Victoria in 1906 
it may be stated that hibernation was probably only partial at that 
place at any time during the winter of 1906-7. The limits of the 
period that have been given are based on field notes made about the 
middle of November indicating the beginning of the period, and 
temperature records covering the coldest period that occurred during 
December. The mean average temperature during November for Vic- 
toria was 60.4 degrees, the range being from an absolute minimum of 
27 degrees to an absolute maximum of 84 degrees. The temperature 
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fell below 32 degrees only once during this month. From December 
1 to 21 the mean average temperature wes also 60.4 degrees. In 
this case the range of temperature varies from an absolute maximum 
of 83 degrees to an absolute minimum of 32 degrees, the latter occur- 
ring only once. From these records it is apparent that the climatic 
conditions were not sufficiently severe either to destroy absolutely 
the food supply of the weevils or to insure the continued inactivity 
of those which may have sought shelter during the short periods of 
cool weather. Sprout cotton was exceptionally abundant throughout 
the winter and weevils were found feeding upon it almost continuously. 

From these facts we may be justified in concluding that a mean 
average temperature of 60 degrees is too high for the complete hiberna- 
tion of the weevil; that hibernation usually takes place coincidently 
with the decrease in mean average temperature to about 55 degrees; 
and that it remains complete until the mean average temperature 
subsequently rises to above 60 degrees. 


SHELTER DURING HIBERNATION. 


While many weevils seek hibernation shelter outside the field it 
is certain that a considerable number of them remain very near their 
food supply—that is, in the cotton fields and in the immediate 
vicinity. Because of the differences in the nature of the weevil shelter 
and in the possibility of destroying or removing such favorable 
shelter, within and without the cotton fields, these two conditions 
will be considered separately. 


SHELTER IN BOLLS. 


Within the cotton fields weevils are sheltered primarily in the 
hanging cotton bolls, the fallen foliage, and grass or other rubbish 
which may have accumulated upon the surface of the ground. 
Attention has already been called to the fact that many stages enter 
the period of hibernation in an immature condition in unopened 
bolls. (See p. 14.) That many adult weevils hibernate entirely 
within the protection afforded by the bracts and hulls of bolls has 
been abundantly demonstrated (Pl. II, fig. 3). Rather extensive 
experiments have been made upon this point in a number of localities 
during several seasons. The principal data resulting from these 
investigations are presented in the following two tables. Table VII 
shows a comparison of the records for several localities during four 
months of the winter of 1904-5. During this period the prevailing 
climatic conditions were the most severe that the weevil has en- 
countered since invading Texas. The table shows therefore a 
gradual decrease in the number of living stages present as the season 
advanced. 
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TabLe VII.—Decrease in percentage of stages surviving in bolls from December, 1904, 


to March, 1905. 


December. January. 
Stages alive. : Stages alive. 7 
I =| 
ae | E 
: = , 7 
Adults. e 8b Adults. es eb 
Locality. ae ee 5=| ; & = 
ne 3 A? S oO J i 5 
a . = = ® 4 oret a 
g g o | o | 4 z a ee 
8 pos | a Ball eg pp |S a 3 
3 ® oJ ie i) s ® od 2 2) 
re A g o eS om a P q D s A 
o @ Ps 8 Eb o n o R 3 5 Eb o n 
mi |) Bo melas S| Bl eae eles tyr anges 5 
3 Bey Sale oo (Fe s/o 5 3 a|s| © H S) 8 
aa) H Ay Z ic) aa) & aa) AO a ie) isa) ic) 
(PeCha eouOke Per ct. Per ct. 
Terrell, Tex..... 300 | 113 | 30 9| 0 48 92 | 3,678 | 38) 16 3 6 1.98 Mat 
Keatchie, La....|......|....-- 344 eee Sos | Sere es eee cee 1,120) 3: 0 2 3 70 26. 0 
MDW ea ep cole anlar nee | Pee elle aes ee eet | Sees ee eee Se Par ae seel eee areas lf ae 
Calvert, Tex....| 150 10) 2 0| 0 id 91) 2,100} O} 1 1 10 . 50 10.0 
Palestiness Lex. 22.2 sc| meee cies | setae eye | 2 ste see | eee eerie Mele 8 aio tea | Sivan are! ers eas ee eee 
WiAGtOriay WOR! S Aesop Bex ones ee) tere ee | eee | eee 3,257 | 11 rf 9 18 ey) 61.0 
Totals and | 
averages..| 450 | 123 | 31 9/ 0 36 91 | 10,155 | 52 | 24 15 37 1.15 ies 
February. March. 
. | . 
Stages alive. . Stages alive. . 
2 S 
OE a a era: 
Adults. a a Adults. eG th 
Locality. | g q _—— & 
3 3 he & 3 3 je 5 
| : » |e |e 3 @ | 
g mile) £ | g | @ mle | : 
cane oe evs & a |. Sa les & 
oO x 4 a BD Col n o R rs} D is a n 
ace i) |r ieee co) = 3 ie FIA | o oe | 
ry Gules ose i) 3 ra) ais |o]8 ° 8 
isa) A} A Z ica ia) _ isa) ie) A fea) Hy 
Pench eerece. Perret. | Peres 
Terrell, Tex.....| 1,500 | 2] 2 0] 0 0.26 1 Sal eae aan 22 eu | Se Sic aie 6 eh eee eee 
Keatchie, La....| 1,450 | 2] 2 1 0 34 15 208 | O| O 0} 0 0! 0 
Nallas® Pex 2a: fest saee herealaee I te es ee tie amen ee 100} 0} 0 0; 0 0 0 
Calvert, Tex.... S00 0; 0 0O|} 0 0 0 2,176 | O 0 0; O 0 0 
Palestine, Tex..|........ eee eee bea BS cee (ae eee 1,599 0 0 0 0 0 0 
Victoria, Tex....| 2,746 | 4] 0 3. | 3 - 36 8.6 1,488 |} 0} (1) 0| 0 0 0 
Totals and 
averages..| 6,496 | 8| 4 4| 3 29 401?) 67521) 10) 1 0; 0 0 0 


aJn Tables VII and IX 


the designation ‘‘not emerged”’ is used for those stages and adults which have 


not left the cells in which they developed. 


““emerged.”’ 


Adults which have previously left the cells within which 
they matured and have subsequently sought shelter within any part of the bolls are designated as 


Besides showing that large numbers of weevils entered hibernation 
in or upon these bolls, this table shows that bolls do not provide 
sufficient shelter to insure the survival of hibernating weevils in a 
winter so severe as was that of 1904-5. 
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Tasue VIII.—Climatic conditions at Dallas, Calvert, Palestine, and Victoria, Tex., 
and at Keatchie, La., December 1, 1904, to March 81, 1905, producing complete mor- 
tality of weevils hibernating in bolls. 


DECEMBER, 1904. 


Temperature. Rainfall. 

Locality. Times | Absolute Average | yronthly |, Depar- | Depar- 

below mini- mini- | > Sah Y | ture from | Depth. |ture from 

32° Re. mum. mum. ~~ —* | normal. | normal. 

| 

_ n 7 7 | ‘ 

°F. oF. rae. °F. | Inches. Inches. 

Dallas Mex so 8s S52 econ ed AN) 20 33.1 46.6 — 1.2 0. 74 = 1-40 
eeatebies, ane. Soc .52 ee eae 6 22 39. 4 48.9 — .5 9. 62 +4. 94 
Calvert TexvG! -s eee cee 14 21 37.6 50. 0 + .1 2.58 — .04 
Palestine! Texss i. 305320553226 5 22 A0.L | 492600) eas, 4.08 meet 
Wictoria Texsosxecc. cot te ssa 5 30 44.1 54.8 — 3.0 1.59 — .26 
Average... ...- ae see On| 38. 8 SOON) lye SUTOM ee e702 

JANUARY, 1905. 
Dallas. POX a0 Sse ec csc ewe cced 24 12 27.8 38.7 | — 6.2 3. 05 +0. 33 
Keatchie, La. @ 12 17, 33.6 41.0 | — 4.9 4.13 — 47 
Calvert, Tex. 0... 13 16 34.1 44.8 | — 3.1 2.01 — .44 
Palestine; execs sic ceecen ees 11 18 34.7 | 43.0 — 2.8 2.06 —2.25 
Wietoria “Rex. 202 Sscsciclgcece see 6 25 43.1 53.0 | — .6 3. 84 +1.41 
Average........---------- | 13 | Paes. | 34. 66 44.1 | — 3.52 | 3.02} — .284 
| | 
FEBRUARY, 1905. 
ID Sas Ox os eee eee oe 30 2 24.6 35.2 | — 9.4 2. 81 +1.11 
Keatchiey Wald. 252. 325.c.-s0nn< 19 6 31.4 39. 4 —11.8 4.12 — .04 
Calvert, Tex. 6.......... eee ss 21 10 28. 2 39.2 | —10.7 3. 02 +1.20 
Palestine, Tex... 2. -.<2-22 2.2.2 21 6 31.9 40.0 | —11.0 2.47 —1.00 
Wictoria, lex:* 22... ..22 2s eace 10 20 34.7 44.1 | — 9.9 3. 62 +1.42 
ANVOLASO'S. cocde ccc dcup- <u 20 8.8 30. 2 39.6 | —10.6 | 3.21 + .59 
MARCH, 1905. 

Wallas sex 5 eee sas te eee 0 35 47.1 59.6 + 4.0 4.44 +1.29 
Keatchie, Laid: . 2522.55 32252. 0 42 Dou 62.6 | + 5.0 5. 03 + .39 
Calvert, Tex 0: 5-22 2-2.cen. ce ee 0 35 | 51 n6 62.1] + 4.4 4.95 +2. 34 
Palestine: Pex: 22 s22.02+<cceec5 0 37 53. 7 62.4 | + 2.5 3.95] + .14 
WiCtOtas Tex: 255 neacssceccoe oe 0 46 yas 65.8 | + 3.1 5. O4 +3.52 
UNG {2) 1): a () | | bee ee | 52.6 62.5 | + 3.8 4.68 | +1. 54 


a Temperatures for Shreveport, La. b Temperatures for Hearne, Tex. 


An examination of this table shows that the temperature went below 
freezing with remarkable frequency during this period. The most 
severe cold weather occurred during February, when the temperature 
averaged 10 degrees or more below normal throughout the State of 
Texas. The absolute minimum for this season at the five points 
mentioned is recorded by the Weather Bureau as being 2 degrees 
above zero at Dallas. At Calvert the minimum temperature was 10 
degrees and at Victoria 20 degrees. In most of the localities there 
was an excess of rainfall, so that the winter as a whole may be 
characterized as having been unusually cold and wet. 
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While these records show that few if any weevils survived in the 
shelter of bolls during this season it must be remembered that the 
weevils were not exterminated in all of these localities. Other con- 
ditions of shelter were evidently so much more favorable than bolls 
as to have enabled the weevils to survive this severe winter. It is 
true, however, that in the spring of 1905 weevils occurred in much 
smaller numbers than is usually the case. 

Other examinations of bolls show that in the northern portion of 
the infested area of Texas there is a smaller percentage of living stages 
in the bolls than in the southern portion. The data for three seasons 
are compared in Table TX. The periods selected are during the 
last of the winter season in each year. 


Taste IX.—Increase in percentage of survival in bolls from northern to southern Texas. 


March, 1904. ‘February and March, 1905. 
Stages alive. Stages alive. 
Section. Adults. | Bolls Adults. | Bolls 
ee * | having | Living ree | | having | Living 
| med ———| living | forms. ened living | forms. 
sas ail Z | forms. : 3) BZ | forms. 
® | g |S Sol Po ® | g |S bo] Be 
£| alae) ¢ q | i493] g 
3 =] a) oR gS =] g| 8 
Am 5 8 ’ AOA o| 
| Per ct. | Per ct Perct. || Perict. 
Northern.........- 2,600} 0} O;} OO} O 0 0} 3,258 4' 4 1 0 0.27 0. 026 
Gantraliea--se- oe! 180} 0}; O} O 1 ODS 8 ae eee 45/5.) 0:1) 0) O10 00 . 000 
Southern.........- 250 0 One 285 Seer) A ae 9, 589 4 1 4| 14 . 24 . 096 
BrOWUSViIIG= ee see eee eta eels ad eta ea 809 | 0) 0 | 4} 11 1.80 . 8383 
| | 
February and March, 1906. Total. 
Stages alive. 
| a Sn ee 
Section. Adults. Bolls 
Bolls : : having | Living Bolls | Stages 
ee || | living |) forms: | cee foun 
ined. = 3 aay ined. | alive. 
@ ; 2 80 
& ® © oD a 
ie a 125 = 
S } al] q 
i a ® oo) 
Pemct. | Perict. 
NOTE erm. sac ee eee ee eee See | 6,186 0 0 1 2, 0. 04 0 | 12,044 12 
Central: ... 22322 eee eee eee 6,650 0 0 5 11 .24 0 | 11, 405 17 
SOUP GN Sci ote eres | 1,410 0 0 1 10 .78 0 | 11,249 85 
BrOWwnSVilles. cctv a eee eee oe |eeiecee) sietetatis | erasers errata |2ceetece |e cre eee | Beem 809 15 
| | { 


It is noticeable that there is a gradual increase in the living stages 
from north to south, and that toward the end of the hibernation period 
nearly all of the living stages are adults, most of which had matured 
before the beginning of hibernation. 

That the increased mortality found in bolls during the winter of 
1904—5 can not be attributed entirely to the exceptional severity of 
that season is shown by the fact that a similar decrease in the per- 
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centage of living stages was found in examinations during January 
and February of 1906. In January among 1,933 bolls examined in 
several localities 86 adults and stages were found. In February 
14,246 bolls were examined and only 30 adults were found. The 
lowest temperature experienced during January was 12° IF, at Dallas, 
with the mean temperature of 49.6° F. in an average of the eight locali- 
ties where the examinations were made. During February the abso- 
lute minimum was 15° F. at Dallas and the average minimum 38.5° F. 
During these two months in the localities where examinations were 
made the minimum temperature went below 32 degrees on an aver- 
age of only nineteen days. 


Tasie X.—Climatic conditions at eight points in Texas, January to March, 1906. 


JANUARY. 
Temperature. Precipitation, 
L is i 7 {na anal imres = = 7 

ocality. Times | Absolute} Average | yonthiy | Depar- Depar- 

below mini- mini- | Sahil Y ture from Depth. | ture from 

32°F, mum. mum. ia normal. normal. 

oF GR ba 0 Onh Inches. | Inches. 
Dellasiesnc See es csc eek 18 12 30.8 44.4 —0.5 1.98 | —0.74 
G@orsiGang eee sae oa Ber 12 19 35.4 48.6 +1.7 1.97 — .67 
GAT O em. seca eee eke ciess | 15 21 36.6 49.9 +2.0 81 —1.65 
PalOSWNG nce deci ees aces os sees 10 21 39. 2 49.6 +3.8 1. 92 —2.39 
WiCOMe Pee, eke ost a tie | il 22 36.0 Bley eee 1.38 sean 
INacogdOChes...2.26222-522 Sense 16 19 34.9 47.4 —.8 4.85 +2.11 
(ASUSTIM SE Se Besos cecmeees Ss ecata 5) 26 41.6 51.4 +2.7 .81 —1.67 
MiIGHON dia decee ae eke ito, 3 25 42.1 54. 4 + .8 1.34 —1.09 

i] 
EAN CTO LOS is oe sans atdod LR | ee ial 49.6 +1.6 1.88 | —,.88 
| 
FEBRUARY. 
D)allASeie oneness Mane See 12 15 32.6 46.0 +1.4 23 +0. 53 
@orsitanga.o2. 212 oA ee 9 19 Sil 58.0 +1.9 2.61 | + .49 
JR@AING 5356 oc. Seec ccs eae noe nee i 23 BYe74 49.4 — .5 4.22 +2. 40 
ERGILCS WU Oe ce sreaciatet eae eee 7 22 38.7 48.6 —2.4 3. 06 — .45 
WCU tee ek es for sane te ee 8 20 | BY ial 50. 8 —.8 2.65 + .72 
INACORGOCHES: sen. tcese sees 10 | 20 36.7 48.2 — .4 1.73 —2.09 
PANAS Use rerata see eee ro acu onc ees 6 26 | 43.9 52.1 = 30 1.29 00 
2 VAC) 0) cb: ee a gl 28 | 44.3 | 54.4 + .4 2.01 + .19 
WWwerage.s.22-c2eees tone. Reni Deeecs 2) | 38.5 51.0°| —.12 2. 48 ely 
| as 
MARCI 

Dal aSen eases ntensstae aeeaes | 11 25 38.9 50.8 —4.8 3. 24 +0. 09 
(GOTSIGANGetes cars cers Ses cere ase: | ia 27 39.7 49.9 —7.6 2.10 —1.25 
ICATNG Shee. < coe s. ee ose sotce | 2 26 43.4 55. 4 —2.3 1.97 — .64 
IRBIOSTANC. cans aeeeicccs eeu. cae 2 28 | 44.1 53. 4 —4.2 1.24 —2.74 
BVO eet cal ee nee, | 3 27 43.2 Bl, =11 2.95 209 
Nacogdoches...........- 3 27 | 44.0 54.3 —3.2 1.63 —2.82 
BAUS ULI pe erecta alsinar ais = cae is 32 | 47.8 56.8 —3. 4 2. 47 grat 
WiGtOLGS cee 525 st oe wae 8 1 31 50. 5 61.0 —1.7 2.24 + .72 
PA VOCTACG oe ese go oe kee a Bt | os eee 44.0 55.0 —3. 54 2. 23 — .94 


A comparison of the principal points shown in Tables VIII and 
X indicates the relative severity of the two seasons, especially in 
the columns showing absolute minimum and average minimum 
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temperatures and departures from normal. The records for February 
are especially significant. In 1905 this month was unusually cold 
throughout the State. The absolute minimum for the five local- 
ities considered in that year was 2° F. at Dallas and the average mini- 
mum was 8.3° F. below that occurring in 1906. In 1905 the mean 
average temperature for the month was 10.6° F. below the normal 
while in 1906 it was but 0.12° F. below normal. It was during this 
month of extreme cold with excessive rainfall in 1905 that the great- 
est mortality among weevil stages occurred. 


HIBERNATION SHELTER OTHER THAN BOLLS WITHIN THE FIELD. 


During an ordinary season it can not be doubted that a large 
majority of the weevils which survive find some other shelter than 
the bolls hanging upon the plants. It is not, however, as easy a 
matter to find weevils in rubbish scattered upon the ground as in 
bolls. It is necessary to collect the rubbish very carefully and sift 
it over cloth or paper to separate the weevils from the trash. In 
this way it has been found that weevils hibernate extensively in the 
leaf and grass rubbish distributed throughout the field. Naturally 
the cleaner the field in the fall the smaller will be their chances of 
finding favorable shelter during the winter. 

Standing trees are a common sight in cotton fields, and while the 
records of weevils found hibernating under bark are but few they 
are sufficient to indicate that these trees may be a rather important 
factor where they occur in considerable numbers. Where the 
Spanish moss (Tillandsia usneoides) (Pl. II, fig. 1) occurs, as in the 
bottom lands in the coast section of Texas and in the southern por- 
tions of the Gulf States, weevils find exceptionally favorable shelter 
within this moss. On January 18 Mr. J. D. Mitchell cut down a 
moss-covered tree growing in a large cotton field in the vicinity of 
Victoria, Tex. Between 400 and 500 pounds of moss growing on 
this tree was collected and examined very carefully. Three living 
specimens of the boll weevil were found. On February 5, 1907, a 
sunilar experiment was tried. One thousand pounds of moss was 
obtained from a tree standing in the midst of cotton fields. The 
moss was situated from 7 to 15 feet above the ground. Among a 
large number of other insects found hibernating in the moss there 
were ten living boll weevils. The weevils seem to prefer the festoons 
of green hanging moss to the bunches of dead matted moss (PI. II, 
Tee 2 

The turnrows and ditches throughout the fields and the fence rows 
(Pl. I, fig. 2) surrounding them present exceptionally favorable con- 
ditions for successful hibernation. It has been noticed frequently 
that early in the season the most severe injury may occur on the 
edge of a field adjoining a fence row where weeds and grass abound. 
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WEATHER-RECORDING APPARATUS AND FENCE-ROW SHELTER. 


Fig. 1.—Weather apparatus used in recording temperature and humidity conditions, Fig. 2.— 
Typical weedy fence row, affording excellent shelter for weevils. (Original. ) 
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FAVORABLE SHELTER CONDITIONS IN AND AROUND FIELDS. 


Fig. 1.—Cotton field adjoining grove of trees laden with Spanish moss ( Tillandsia usneoides). 
frig. 2.—Near view of moss. Fig. 3.—Cotton stalk having many bolls infested by weevils 
at hibernation time. (Original.) 
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One fact should be emphasized in regard to practically all classes 
of shelter which have been mentioned as occurring within cotton 
fields, i. e., that it is possible as a rule to destroy or remove practi- 
eally all of them. Undoubtedly the burning of cotton stalks, weeds, 
erass, and other rubbish is the easiest and most effective method of 
destruction where it can be practiced. Next to this in importance 
would be the destruction of the stalks by a stalk chopper and plowing 
under all the rubbish. In the latter case it must be stated that 
many weevils which may be buried to an average depth of 2 inches 
will be able to escape through the soil and may then find shelter 
around, if not within, the field. 


HIBERNATION SHELTER OUTSIDE OF COTTON FIELDS. 


Unquestionably timber fringes skirting cotton fields are exceed- 
ingly important because of the shelter which the fallen leaves and 
undergrowth provide for weevils during the winter. The conditions 
to be found here are so exceedingly favorable that a majority of 
planters seem to recognize that the most severe infestation of young 
cotton in the spring may be expected to occur near such timber. 
Where the moss (PI. II, fig. 1) occurs abundantly it is second only 
in importance to the fallen leaves as a shelter for weevils. The fact 
that weevils have been taken early in the spring upon trees at a dis- 
tance as great as 2 miles from a cotton field shows the extent to 
which they may possibly scatter during the fall or seek for cotton 
during the spring. The planter need not, however, be alarmed by 
these facts, Inasmuch as it is certain that but few weevils hiber- 
nating away from the immediate vicinity of cotton fields will sur- 
vive to find food supply upon emergence. 

Cornfields adjoining cotton or cornstalks scattered throughout 
cotton fields may shelter many weevils. This was first noticed by 
Mr. E. A. Schwarz at Victoria in the winter of 1901-2 and has since 
been corroborated by a number of observers. Several examina- 
tions have been made of haystacks in the vicinity of cotton. This 
is a task quite comparable with that of seeking for the proverbial 
needle and it is not surprising that the results have been very meager. 
The fact, however, that traces of weevils have been found in these 
examinations indicates that weevils may find shelter under such 
conditions. 

Farmyards, seed houses, barns, ginneries, and oil mills also afford 
exceptionally favorable shelter for weevils. Especially in ginneries 
and seed houses (PI. III, fig. 1) the weevils become concentrated 
with the concentration of the cotton or seed and frequently may be 
found in large numbers within or around these buildings. In con- 
nection with this subject the reader is referred to a fuller discus- 
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sion of the significance of ginneries and oil mills in the distribution 
of weevils and of the methods recommended for controlling them 
which may be found in Farmers’ Bulletin No. 209 of the Department 
of Agriculture, “Controlling the Cotton Boll Weevil in Cotton Seed 
and at Ginneries.’” Numerous observations have shown that weevils 
have been taken into new localities through the agency of shipments 
of cotton seed and cotton-seed hulls from ginneries and oil mills 
handling infested stock. Definite observations have been made 
showing that living weevils may occur in cotton seed at planting 
time. While it is probable that few would survive in a large mass 
of seed it is certain that some might do so and be distributed in 
the planting of the seed. 


TaBLeE X1.—Experiments of 1904 to 1906 to test hibernation in cotton seed. 


When | Weevils | When | Weevils | Weevils 

Locality. pe 1 : exam- found found 

: hiberna- | hiberna- ned Blige dead 

tion. tion. sey ae : : 

1904. 1905 
Merrell) Vex. 22a fs 2 csk et eee Aas See ates Nov. 13 200 | Apr. 20 0 154 
I. Ole 2 ee Ske 55 ie So A Ss Cet Nov. 30 200 | Apr. 21 0 139 
DP) Oe cares hs as Se car, See ee ee eee Dec. 15 250 | Apr. 22 0 170 
Corsigana; LORS a5 2 = See pee ee ee Nov. 14 150 | Apr. 19 0 127 
CGI VOTE, (EG Xs 52 ee 2 soe tl eee ee rea ees Nov. 15 200 | Apr. 7 0 152 
DOs.’ 22 abet Soe ee ee ne Se ae Nov. 30 200 | Apr. 8 0 176 
DOS 5. ec ee ee ae ne Dec. 15 200 |...do.... 0 142 
IV IGLOE LG Gx: ee nce oe oe ee Nov. 10 200 | Apr. 3 0 130 
Da Se ere er en ee: eee Nov. 17 200 |...do..... 0 144 
ih {o Pan nN Pei Pie AB a Ne a Nov. 25 200 | Apr. 1 0 150 
DO ae aA tee ee ec ee Dec. 1 200 | Mar. 31 0 115 
DOs tg.220S tees aoe So ee eee ae Dec. 8 200 | Mar. 29 it 149 
WOO os ge ape. Ree eee a oe oe Dec. 15 200 | Mar. 28 1 123 
TO ta Rs es ene ae ee ee ee | 25600) soe oe a2 1,871 
1905. 1906 

IDALGSS, PGs tat Ses Se eee ee eee ae ee Nov. 1 100 | Apr. 28 0 92 
DOs ses: Cee hee ae eee ee ek eee oe: Nov. 18 200 | Apr. 30 0 160 
1) 0c ie sia tar ee SP en Dee. 4 200 | May 3 0 181 
1D OSS ae ge ae rene a ee ee, Dec. 15 900} May 4 0 862 
Totale Ae See are 2 heck = ee | WA00) | Bote 0 1,295 
Victoriay LOX iex suse case ook te ee eee ee Nov. 7 100 | Apr. 2 0 93 
DOe ee ee ear Sen hn eae ee ee ee pe COs cure 100 | Apr. 7 0 93 
D625 ee Un. See Oe hein 2 ae Oe Nov. 13 100 | Apr. 3 0 97 
DOs ccccbeccsh scccte eee. eee eee eee Noy. 30 100 do..... 0 100 
1D eA eae In Aaa Aad mel nae Dec. 11 100 | Apr. 5 0 96 
Total acs PA. Riba Saeed aoe ees eee BON 3... | 0 479 


a@QOn January 27 47 dead and 18 living weevils were eemipeea ead on March 4 4 dead and 1 living weevils 
were removed. 

While the number and percentage of weevils surviving in these 
experiments is very small indeed, the fact that some do survive is the 
special point having significance. The occasional occurrence up to 
planting time of living weevils among seed from infested localities 
is alone sufficient justification for every quarantine restriction which 
has been placed upon cotton seed and other cotton products by 
uninfested territory. 

The Mexican entomologist Prof. L. de la Barreda, under the direc- 
tion of Prof. A. L. Herrera, of the Comisién de Parasitologia Agricola, 
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has made some very pertinent observations on the occurrence of 
boll weevils in cotton seed intended for planting. In January, 1903, 
this entomologist examined a number of sacks of seed received from 
the infested area of Texas for planting in the Laguna region in Mexico. 
Six sacks from one consignment were selected. In these, 12 living 
weevils were found, together with 56 dead ones. Later examinations 
were made of a number of shipments of seed from the infested por- 
tions of the United States. In every case living weevils were found. 
This work was done in the month of January. These observations 
show clearly the real danger that exists in the shipment of cotton 
seed from infested localities to those where the weevil does not occur. 


HIBERNATION EXPERIMENTS IN SMALL CAGES. 


In many ways it is possible to obtaim more accurate data upon 
hibernation of weevils through cage experiments than through field 
observations. In the cages conditions may be prepared which are 
typical of those to be found in the fields. The number of weevils 
within a given space can be largely increased without overcrowding, 
so far as the possibility of their finding shelter is concerned. The 
action of the weevils in seeking and in leaving shelter can be deter- 
mined more accurately in cages than in the field. The food condi- 
tions may be varied to represent various field conditions and, finally, 
knowing definitely the number of weevils placed under certain con- 
ditions, it is possible to follow them closely enough to determine with 
a great deal of accuracy the proportions surviving. From a com- 
yarison of the results obtained under various experimental condi- 
tions those conditions which are most favorable as well as those which 
are least favorable to successful hibernation may be determined with 
considerable certainty. In all of our experimental work of this nature 
the cage results have been checked so far as has been possible by 
field observations. 

With the continued study of the boll-weevil problem the necessity 
for increasingly comprehensive experiments upon hibernation has 
become apparent. The work thus shows from year to year a growth 
in complexity with the constant purpose of increasing the accuracy 
of results by making the experimental conditions conform as closely 
as is possible to field conditions. In the early stages of the work the 
hibernation cages were small and portable. Some were placed out 
of doors where they would be fully exposed to prevailing climatic 
conditions; others were placed in the shelter of buildings or under 
similar conditions where the favorable nature of the shelter provided 
might be determined. 
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CAGE EXPERIMENTS OF 1902-3. 


In the experiments made during the season of 1902-3 most of the 
weevils used were collected in the field at Victoria, Tex., about the 
middle of December. Some, however, were reared weevils which 
during the months of September and October previous had become 
adult. They were confined in boxes and jars covered with cheese 
cloth. Various kinds of rubbish were placed in the cages, some of 
which were placed in the fields and some in a building. 

These cages were all examined between April 15 and 30, 1903. 
Among the 25 lots tested, including 356 weevils, it was found that 
an average of about 11 per cent had survived. None of those which 
were adult before November 1 was living on April 15, while nearly 
16 per cent of those taken in the field about the middle of December 
were still alive on April 27. A slightly higher percentage had sur- 
vived in the inside tests, and it appears that a considerable degree 
of dryness favored survival. One-half of all the weevils surviving 
were found in the folds of dead banana leaves on April 15, while the 
balance were scattered among hay, dried cotton leaves, empty bolls, 
and in or under earth. 


CAGE EXPERIMENTS OF 1903-4. 


During the season of 1903-4 450 weevils were tested in lots of 
about 50 each. From October 21 to December 16 one or more lots 
were started each week, part of them being placed outdoors and 
part indoors. In addition to the confinement of adults, about 400 
infested squares were picked from the ground about November 15 
and kept until the following March. These squares were examined 
on March 18. It was found that most of the stages had perished 
while yet larve. Nearly one-fifth of the squares contained dead 
adults. In the lot among 128 stages there was one adult which was 
still alive. 

Examination in April, 1904, accounted for all but 15 of the 450 
weevils confined, but one weevil was found alive, and that one was 
placed in hibernation on October 29 in a cage out of doors. The 
results during this season seem to contradict in some respects those 
obtained during the preceding year, which indicated the favorable 
nature of inside shelter. 


CAGE EXPERIMENTS OF 1904—5. 


The work of the season of 1904—5 was planned to include a number 
of localities representing in a general way the various portions of the 
weevil-infested area. In all cases the cages consisted of boxes about 
1 by 2 feet in size and covered with 14-mesh galvanized-wire screen- 
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ing. These were all placed out of doors at various dates between 
November 3 and December 15, 1904. The examinations were made 
during April, 1905. 


TasLe XII.—Summary of hibernation experiments, 1904-5. 


| 
1 
= Total number of weevils found— 
eH 
= ls le{| |¢ FI 
a 3 [ales 8 | ler ° eos 
q Se > | a3 |8 Is Q 
Ag us} 3 |RoO 3 | |} | 2 - 16 | 
sali > qd |a.- a m|e2}|au}|ale | 
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The most striking point shown in this table is the fact that no 
weevils survived except at Victoria. Even there the percentage was 
very small. Undoubtedly from 5 to 10 per cent of the weevils placed 
in the cages must have escaped through the wire before the season 
became cold enough for all to hibernate. The explanation for the 
death of all weevils confined north of Victoria, Tex., may be found 
in the exceptionally severe climatic conditions occurring during this 
season. These have already been indicated in Table VIII, page 27. 
It should be stated, however, that while weevils were scarce in the 
spring of 1905 in all of these localities they were not exterminated 
in Texas except at Paris. At this place examinations made during 
the season of 1905 failed to show any weevils in a field which had 
been quite heavily infested late in the season of 1904. 
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Tests were made at Dallas, Calvert, and Victoria, Tex., representing 
the northern, central, and southern sections of the infested area. 
Owing to the increased complexity of the experiments and the more 
valuable character of the results obtained, it seems advisable to 
present the data in a somewhat more detailed manner. 
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TaBLeE XIL1.—Summary of hibernation experiments in boxes at Dallas, Calvert, and 
Victoria, Tex., in 1905-6. 


DALLAS. 
Number of wee- 
When hae eg When ex aloes Per- 
put in. Kkind of rubbish. or in- | put amined. |—— pa Remarks. 
doors in. A : 
Alive. | Dead. 
1905. 1906. 
Nov. 1 | Corn shucks, grass, | Out. 100 | Apr. 27 0 92 0 
cotton leaves. 
Do...} Cotton leaves........ Dt ee 100" S22 do0r=--- 0 80 0 In chicken house. 
DO see AO ial Wass ee nee 1005) =22002ce<. 0 64 0 In seed house. 
Do...| Sack of cotton seed...| In..... 100 | Apr. 28 0 92 0 Do. 
Nov. 17 | Grass,leaves, rubbish .| Out 100 | Feb. 19 3 82 3 
AD Yoel eae CO gb so seasons aes 1O00n 22. d0fe=2 0 87 0 Do. 
Nov. 18 | Cotton seed........-. htheeses 200 | Apr. 30) 0 160 0 Do. 
Nov. 26 | Only grass........... Out. 200 | May 1 0 165 0 
Do...| Grass, seed, cotton...| In..... 200: |)...d0v=--- 0 165 0 Do. 
Dec. 4 | Cotton seed........-.. ba eee 200 | May 3 0 181 0 
Dee. 11 | Corn shucks, leaves. .| Out 2005). -C0scecs 0 140 0 
1) Oe eee OSS she. oes irs 200 | May 1 0 195 0 
Dec. 15 | Cotton seed.......... In.....| 900 | May 4 0 862 0 300 in each of 3 sacks. 
Or tea: | O00h ss seeeeeee 3 479 0.5 
Total.........- Noes eer tvi fesse 0| 1,886| 0.0 
CALVERT. 
1905. 1906. 
Nov. 7 | Corn shucks, grass, | In..... 100 | Apr 18 0 98 0 
cotton. 
Ges eaeee (G(s Aen Sa ee Out O42. sO snc. 1 45 1 
INOV= 2/2 ace 6 Co eee salt oe Ines 20s ceed Osmecs 0 205 0 
Dorec|f225. 50 Fe ps te a ee Out 200 | Apr. 19 40 145 20 
, Out 7 a eee ee 41 190 14.0 
Total.......-.- {fn ire S05 laa ees 0| 303] 0.0 
VICTORIA. 
1905. 1906. 
Nov. 5] Mixed................ Out 100 | Apr. 6 By 43, 2 
INOVs. 64 oneee GO. Ssnches ead Out 100 | Apr. 7 1 23 al 
WOnse eae GOs eee eeeeeses Inzeze2 1005 |S-2doze.=: 0 1K 0 
Nov. 18 |..... Geese see | Out 100 | Apr. 4 4 53 4 
Dowie se G02 .ssree setesees Imeesen 100 | Apr. 5 0 97 0 
Now. 30) 22202 UGyeeete eee eee Out 100) |G22d022ce2 1 39 1 
Dol. OO Scie cose heecece hoe 100,)\2 2: do-<52- 0 94 0 
Decy 11} 2.2: 6 (ee are Out 100 | Apr. 3 51 3 
Ones |- = GO sere a newer Inieseee ana ee (oe 4 100 BEGY 
Out. D007 peaeeaeeers 11 209 E20 
Total.......... {Pt a 7 a (elit 4| 364| .97 
Total of 3 local- |fOut...|1,3894 |.......... 55 878 3.9 
itleSeesees oe jhalenss Qe SL in|pcaees ames 472558 .14 


In the small-cage experiments of 1905-6 but three localities were 


tested. 


number 1,394 were out of doors and 2,817 indoors. 
cage did weevils survive within doors, and that was at Victoria, 


where it would seem that such protection was least needed. 


In the 26 experiments were placed 4,211 weevils, of which 


In only one 


The 


two most striking results were the small survival at Dallasand the 
remarkably large survival in one of the outdoor experiments at 


Calvert. 


In the outdoor tests an average of 3.9 per cent survived, 


HIBERNATION EXPERIMENTS IN SMALL CAGES. at 


while in the others but 0.14 per cent survived. In an average of 
all tests the survival was 1.4 per cent. 

The nature of the shelter failed to show any significant influence 
in these small-cage experiments. 

The relative favorableness of outside conditions is shown in the 
following table by a comparison of the data in each of the three 
localities. This table does not include the experiments with cotton 
seed: 


TABLE XIV.—Comparison of survival records outdoors and indoors for three Texas 
localities in 1905-6. 


Outside. Inside. 
Locality. Weevils Weevils survived. Weevils Weevils survived. 
put in an ae | DU UaLeL = Sa 
hiberna- hiberna- 
s Percent- é Percent- 
tion. Number. age. tion- Number. age. 
WiICLOGI Ar OxXusem ese en = see eae. Seni 500 iB! 262) | 412 4 |} 0.97 
Galerie Dex oer seecneen a. ena ee 294 41 14.0 | 305 0 | 0 
MAAS A DEX Bes eres eames cate 600 3 aH) 2,100 | 0 0 
No) 3) Wb Mieco een ie eee seer 1,394 5D 3.9 | 2,817 4 | 0.14 


During this season it is very evident that in all localities outdoor 
conditions were decidedly more favorable for successful hibernation. 
Upon the average the survival out of doors was twenty-eight times 
as successful as in the tests made indoors. 

Grouping the experiments according to fifteen-day periods from 
November 1 to December 15, when they were instituted, the most 
favorable time for entering hibernation seems to be indicated. 


Taste XV.—Comparative favorableness of periods for entering hibernation, 1905. 
gY ; 


sees Total 
Period. survival. 
Novy. 1-15, 1905. Nov. 15-30, 1905. Dee. 1-15, 1905. 
Locality. | 
Weevils | Weevils Weevils 
Weevils| Survived. |Weevils Survived. | Weevils) survived. Shee ae 
put in | |putin|__—C*|s«sputtiin 
hiber- | hiber- | | | hiber- 
nation. Num-| Per nation. Num- Per | nation., Num- Per 
ber. | cent. ber. | cent. | ber. | cent. 
| | 
| | 
Mictorid: Dexss-...252 seca 500 Z| 1.4 200 I Ca 212 Till eaSB} 15] 1.60 
Calvert. Tex. 2s.cccnen See 194 | 1 os) AU ogy met O sat LORS eer ete (eee eee ee 41 6.80 
Dallas. LOxS ss .oscscsecee ccs | 300 | 0 0 600 | Soles 400 0 0 3 220 
STO Dil ays cee strc Sea store 994 8 | -8 1,205 | 44 | 3.7 | 612 if | eh 59 | 2.10 
| | 


This table does not include the experiments in cotton seed. The 
comparisons show that during the fall of 1905, November 15 to 30 
was more favorable than either an earlier or later period at Calvert 
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and Dallas, while at Victoria the period between December 1 and 15 
was more favorable. 

The shelter conditions within which weevils survived was also 
determined in these experiments, and the principal points are shown 
in the following table, which again does not include cotton-seed tests: 


Taste XVI.—Shelter in which surviving weevils were found in April and May, 1906. 


Corn 
Bermuda Baan shucks, old 
Locality. grass and | Excelsior. Paper. ines: cotton Total. 
hay. sien stalks, and 
bolls. 
WiIGLOTIS UG Xcess eee reese 5 | 4 1 1 4 15 
@alvert, Texis.2-. se eee | eee ee Voce ae aroedal leet ssecedelseccekiehe se 41 41 
Dallas, Tex. 22... s-.-=sseeee Oh sais wae owen Meee sees eed tot oman neces 3 
6 (alegre ae eee ee 8 4 1 1 45 59 


This shows the favorable nature of old corn and cotton stalks, 
among which the survival in one cage at Calvert was surprisingly 
large. It also indicates that weevils may survive in varied shelter, 
and that in all probability the temperature and moisture conditions 
experienced may be as important as the nature of the shelter in 
determining survival. 


LARGE-CAGE EXPERIMENTS, KEATCHIE, LA., 1905-6. 


With the work of 1905-6 a change was made in the method of 
carrying on the hibernation experiments. Instead of using numer- 
ous small boxes in a number of places, large screen-covered cages were 
utilized in the fields at Keatchie, La., and Dallas, Tex. The Keatchie 
cage (Pl. III, fig. 2) was constructed under the direction of Mr. 
Wilmon Newell, secretary of the State crop pest commission of 
Louisiana and special field agent, cooperating in the boll weevil 
investigations. It was probably the largest structure of its kind 
that has ever been built for an entomological investigation. The 
interior was divided by partitions into eighteen sections. The 
shelter conditions for the weevils and the dates upon which weevils 
were inclosed were planned to represent the extremes of field condi- 
tions as to shelter and date of entrance into hibernation. The gen- 
eral plan of the experiment is shown in the first section of Table 
XVII, and in the last section are included the emergence records for 
the cage. 

Before entering upon a discussion of the work at Keatchie special 
credit should be given Mr. Wilmon Newell and his assistant, Mr. J. B. 
Garrett, who were particularly concerned in the execution of the 
work at Keatchie. Much work has also been done by Mr. W. D. 
Hunter upon the reports of the Keatchie experiments in arranging 
the data so as to show the most significant facts. 
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SEED HOUSE AND HIBERNATION CAGE, KEATCHIE, LA. 


Fig. 1.—Seed_ house opposite which the first sign of weevil work was found at Keatchie, La., in 
1905, Fig. 2.—Large cage built for hibernation experiments in 1905-6. (Original. ) 
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Taste XVII.—Summary of installation and emergence records in cage at Keatchie, La. 


Installation records, 1905. 


emergence records, 1906. 


: se 22 d 
ne clus = g . : 
2 33 Se = x March. April. May 1-14 
5 ES he bate, = 
= =i x . . 
A | oo 4 Pa na, Shelter in cage section. nq As pie as AG as 
= Ho oe Zu 2 I g g g | 
lp wee <2 | ‘se =| 8 |e] 8 [a] 8 
> | ao Ae AE | bu 2 be 5 be 
o | > s > = rae [-) oD Dv 
wm | a a A A vA Ay A o- 
1..| Louisiana.}| Nov. 29 | 1,200 | Brush, leaves, moss, stumps, logs;| 2 | 0.166] 3] 0.25] 4 0. 33 
| stalks removed. 
2S 2d Ones Nov. 25 | 1,000 | Same, but stalks standing........ On eee 7 ae (0 1.0 
BOs) S3dotee 2. 422-00 sscek / 1,000 | Cotton seed piled; plants left | 1) .1 4 4 O} | tae 
standing. 
4. £00. css. =eO25.5. | 1,000 | Same, but seed left uncovered....| 2] .2 5 -5 (i aapeeoes 
Dee lee dO0s2 2s cacle G0 esse 1;,000)| Absolutely bare:-..-=..-.0.-2.... Lees: 1 ral a | eee 
6:-|) Texas... Nov. 23 | 1,000 | Ordinary field...................- Sul 18 | 1.8 4 ~4 
Stalks, grass, etc.: 
oases Osecese NOV 29 |) 2) 100 BHMIE Bs lee sa- seen 2) | s09 7, .81 | 16 .76 
Secis--d0.2.- Nov. 25 | 1,500 oisedl ct: ye se eee Beveat) 2 ele) [de] M262” Was 1.0 
hale eed Gres. c 2/2 200..25_- 1, 000 SAMBGSiBs oo sce eee eee ae Dulane, 9 9 3] BR) 
LO dO. cee). 2: 00-.ccs 1, 000 DAI OHES Anas Se ce eee een eae DI 2 15} 1.5 (OMe oe 
te wea 02 << ve 2008-222| 1: 000 DS ELT Oy anne eee 8 Gees. 10] 1.0 4 4 
1 Taian Fro Vaya Nov. 23 | 1,000 Same as 6...................- Quer Waleed | 12 1:2: 
13..| Louisiana.| Dec. 18 | 1,000 | Stalks left; leaves, ete., added; 1 “al 2 Ay 1 mal 
shaded. 
14..| Texas..... | Dec. 3 4,000 | Same as 18, but not shaded....... 4 ell 29 2 | aie -42 
15 page scales CO sence 4 OOO ese CaS 14 kas ee 9 . 22 94 2.35 | 28 ey 
WGi2| 222005...) Dec. 38) 1,000 22-2. GO tea meee aan ee ee hears 1 ell 15 1.5 i .5 
17..| Louisiana.; Nov. 28 | 1,000 |....-. C0 Le i ee le ee 4] .4 LW ees VO 1.0 
18..!...do.......! Nov. 18 | 1,000 | Check on 13; stalks, grass, leaves, | 0 |......- 1537 825, 8 8 
not shaded. 
Totals and Baers ear) Ameer yaks see ce ee 2 ee 38 | 118 lait || 120° (137 53 
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Installation records, 1905. 


Emergence records, 1906. 


oO. 
ae 
wm n Uy uM an is S 
a ee rs g March ito | & S EBS 
ae) . = rood »~ a 
2 ae as! eo May 14. =r ime = 
= or oO B= aos on S 
5 29 ZR Le = os Dy 
5 ES Pe | Ss = #e| °f | a2 
fs Patel a a, Shelter in cage section. el eeers e | S's a @ 
q Ho Ao Ore v q = = ak Oh 
3 oe 23 ae S ia eee ad ee es 
Se) Mae) | ee sae fl gs |s | 2° | 32 
BR ca = zi | 4 & le a mo 
1... Louisiana. Nov. 29 1,200 | Brush, leaves, moss, stumps, | 9 0.75 26 2.16 11 
logs; stalks removed. 
eelews do.......| Nov. 25 1,000 | Same, but stalks standing..... 17 17 25) 2.5 9 
Beplics= AO zsene: 2G. dee =. 1,000 | Cotton seed piled; plants left | 5 5 6 a0 16 
standing. | 
A eee COzses..2 ses 0Oses.5 1,000 | Same, but seed left uncovered... 7 ag 8 8 15 
Seale Obscene 4 seed Ones. 1,000 | Absolutely bare..............- 2 «2 4 4 17 
65.) Lexas.... .| Nov. 23 | 1,000 | Ordinary field................. 27) 2.7 38 | 3.8 6 
Stalks, grass, ete.: | | 
(aeleeeGOeecen ele NOV., 29: |2;100 HIM Shee eee Me aR 35 . 66 44 2.09 13 
S22 |-2ad Orcas Nov. 25 } 1,500 SEN oaks ss \onyAL an Ae i ee oe 50 | 3.33 64 4.26 3 
Gee |poad Ob sces-.|bedOres.. 1,000 PAINE. AS Gececs disscwiss cic cacs 14 1.4 17 er 14 
1Oe 22. EO Oscece 1, 000 DaMO aS 42055, 2. <seceeses 17 17 22 2e2 10 
T1. eae ONaa= 1,000 SAIC as Dae ceee Sees ae 14; 1.4 26 2.6 8 
12. -do.......| Nov. 23 | 1,000 HIT e ats Quen se sees aot cei 29 2.9 55 5.5 1 
13..| Louisiana., Dec. 18 | 1,000 Biel left; leaves, etc., added; 4 4 8 8 15 
shaded. 
14..) Texas..... | Dec. 3 4,000 | Same as 13, but not shaded.... 50 1.25 86 2.15 12 
15s | ee Oe Soeess| a dO ncase | 4,000 | Same as 14..............2...... 132 3.3 170 4.25 4 
16..|...d0.......| Dec. 8 | 1,000 ae CLO Mee ge eee sco Nena ines e 21 Zell 35 3.5 ff 
17..| Louisiana., Nov. 28 | 1,000 |..... COM See eee ee ce 31) 3.1 41 4.1 5 
18..|...do.......| Nov. 18 | 1,000 | Check on 13; stalks, grass, PBS Py 53 5.3 2 
| leaves, not shaded. 
Totalsiand Averages. 20; 800) |bs. odescaee-caccseccneesacseec-s 487 15 | 728 2eB2N sited. cae 
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The beginning of this work occurred so late in November that none 
of the sections can be considered as having been placed in hiberna- 
tion early. Cold weather occurred between about November 30 and 
December 3, during which time the majority of weevils entered 
hibernation. Emergence appears to have begun on March 22, and 
the last weevils emerged on June 28. The emergence during April 
and May was quite uniform, while during June it decreased rather 
steadily. In these records no allowance has been made for the escape 
of weevils through the wire on the cage. Using the number placed 
in the cage (25,800) as a basis, the 728 weevils which emerged con- 
stitute a survival of 2.82 per cent. It is impossible to call attention 
to all of the many interesting points shown in this table. Special 
emphasis, however, will be given several points through the rear- 
rangement of the significant data in succeeding tables. 

Since climatic conditions are primarily responsible for hiberna- 
tion and the emergence of weevils therefrom, the records should 
be studied in relation to a chart of the temperature conditions, 
such as is given in figure 1. No climatic records are available for 
Keatchie previous to the beginning of these observations upon March 
15. The emergence of weevils may well be shown in relation to the 
range in temperature upon the same chart. In studying the effects 
of temperature variations upon weevil activity it has been found 
that those temperatures which are about 43° F. alone produce activity 
among the weevils. Because of this fact 43° F. is regarded as the 
starting point in emergence records, and all temperatures above 43 
degrees may be spoken of as ‘‘effective temperatures’? upon the 
following diagram; the average between the maximum and minimum 
extremes for the day is recorded as the mean average temperature. 
While it is probably true that maximum temperatures have a special 
significance in their effect upon emergence from hibernation, and that 
minimum temperatures have a special effect upon entrance into 
hibernation, it will be more simple and sufficient in this study to use 
the single line representing mean average temperature during the 
emergence period. 

From this diagram it will be seen that the emergence at Keatchie 
in 1906 occurred practically during four rather clearly defined periods. 
These periods are separated by marked declines in the mean average 
temperature. It will be noticed that as it became warmer following 
these cold periods there was an increased emergence of the weevils. 
After the middle of May so large a proportion of the living weevils 
had emerged that the number recorded became gradually smaller, 
although the temperature rose still higher. 

Some of the special facts demanding attention are those relating 
to the effect of the various conditions of shelter upon the survival 
of weevils, the relation of emergence to effective temperature in 
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various periods, the relation of the time of putting into hibernation 
to the time of emergence therefrom, the relation of accumulated effect- 
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ive temperatures to emergence, and the longevity of the emerged 
weevils. These subjects will be considered under succeeding topics. 


FAVORABLE CONDITIONS FOR HIBERNATION. 


For a study of favorable conditions for hibernation those sections 
have been selected which are most strictly comparable in respect to 
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the time weevils were placed therein, the source of the weevils, and 
the nature of the shelter. Practically one-half of the weevils used 
were collected in Texas and sent to Keatchie for this work. The 
sections used in this comparison received weevils between Novem- 
ber 23 and 29. 


Taste NXVIII.—Favorable conditions for hibernation determined by rank in percentage 
of weevils surviving at Keatchie, La., in 1905-6. 


Weevils survived. 


Section num- ; ATER Weevils ce sae Rank of 
ber in cage. Nature of shelter. put in. section, 
Number. | Per cent. 

6:and 125272 Ordinary field stalks, grass, ete................- 2,000 93 4.65 1 
Zand fesse Brush, leaves, stumps, logs; stalks standing. ... 2,500 99 3.56 2 
jtehaisl 7 ee Same as above, but stalks removed............. 3,300 70 2.12 3 
4and 10...... Cotton seed, piled but uncovered; stalks stand- 

INOS ceed ete se anee see cee cces oes Sates eee 2,000 30 150 4 
yc yotal tee See Absolutely bare ground.................-.....- 2,000 30 1.50 4 
OLoU Ol ame Cotton seed piled and covered; stalks left stand- 

TN Pe rocc,s sins oes « oaia mane erajejanfe ene eeu oem seen 2,000 23 1.15 5 


It is evident that ordinary field conditions where stalks are allowed 
to stand together with the grass and leaves littered over the ground 
are as favorable for successful hibernation as any conditions. It must 
be admitted that the shelter conditions in the bare sections (5 and 11) 
are not such as would occur in a field plowed in the fall because of the 
fact that the inclosed weevils could still find shelter in the structure of 
the cage itself. This will undoubtedly explain the survival of 1.5 per 
cent in two sections having no rubbish on the ground. It is apparent, 
however, that even with this advantage of cage structure over bare 
ground, shghtly more than three times this percentage of weevils sur- 
vived where ordinary field conditions existed. Without the shelter 
afforded by the cage this difference would undoubtedly be very much 
greater. In 9 sections which contained rubbish, among 15,500 wee- 
vils, 567, or 3.66 per cent, survived. The shelter may therefore be 
held accountable for increasing the survival at least 2.1 per cent. 
Thus upon an area where no more than 15 weevils might survive with- 
out protection, 36 at least might be expected to survive with the pro- 
tection. 


EFFECT OF ACCLIMATIZATION UPON SURVIVAL AND EMERGENCE. 


It has already been mentioned that about one-half of the weevils 
used in this work were collected in Texas and one-half at Keatchie, La. 
In order to determine whether this difference in the geographical sec- 
tion in which the weevils developed might exert an influence upon 
their survival and emergence the records for a number of comparable 
sections are combined. These weevils were all placed in hibernation 
between November 25 and 29, 1905. 
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Taste XIX.—Comparison of emergence records at Keatchie, La., for weevils collected 
in Louisiana with those collected in Texas. 


| Percentage of emer- 
gence during each 
month based upon 
total emergence of— 


Date. 

6,200 wee- | 6,600 wee- 
vils col- vils col- 
lected in lected in 

Louisiana. Texas. 

1906. | 
WIEN e) Metco ae ie pee ae ae ee RO ent Meant Aa ee ee ean eat tees 9.09 4.6 
Ng Oat Sey ete ep Sar RP ae pS ee aR eR ce 33.63 48.6 
Met yale ain Are eee Ee eS ea Tees eh A SR ERR stank | 21 82\en 1h) 2169 yo 5 
May (5-June Deic 220.0 sladcsllocncnnlecdalinccasscscisecee Ee 8) oe | ene: 98.18f°9 |) 90.3f42-2 
VUNG 2-80 vec sicecns clas. EA, Serer rye oss ae lat een Pe LER A a Ro OO Eee Sa 7.28 4.6 
| 100.00 100.0 


Altogether in these sections 110 of the Louisiana weevils and 173 of 
the Texas weevils emerged, making a percentage of total survival in 
the former case of 1.77 and in the latter case of 2.62. On the whole 
the Texas weevils emerged slightly earlier than did those collected in 
Louisiana, but the records are too nearly similar to indicate that such 
would regularly be the case. 


RELATION OF EMERGENCE TO EFFECTIVE TEMPERATURES. 


The practical point in these studies of temperature and emergence 
relationships is to ascertain the facts upon which emergence depends, 
so that it may be possible from a study of temperature records for any 
locality to form fairly reliable conclusions as to the effects which those 
temperature conditions may have had upon weevil activity. In this 
way it may be possible to determine approximately the time when 
weevil emergence begins, the time when the majority of weevils will 
probably have left their hibernation quarters, and approximately the 
time at which emergence becomes complete. In this connection it 
will be profitable to compare the records for Dallas, Tex., with those 
for Keatchie, La., for the same periods. 

The total effective temperature is obtained by computing the sum 
of the mean average effective temperatures for each of the days 
included within the period shown. For example, if the mean average 
temperature for the first day of a period is 60° and for the second day 
68°, the average effective temperature for the two days is 17° and 25°, 
respectively. The sum of these, or 42°, is the total effective temper- 
ature for those two dates. 
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Taste XX.—Relation of effective temperatures to emergence at Keatchie, La., and 
Dallas, Tex., 1906. 


Total effective Average effective Number of weevils 
temperature. temperature. emerging. 
Periods of emergence. | 7 | * 
Keatchie.| Dallas. Keatchie. Dallas. | Keatchie.) Dallas. 
ehe ba Os ore lie 
Mar. 15-2 12.0 aia) Aer 0.78 0 0 
Mar. 22-5 141.0 151.8 Jaco PATS) 25 2 
Mar. 37.0 66.6 7.4 atieal 12 0 
Apr. 275.5 243.6 25.0 22.14 165 28 
Apr. 118.5 124.1 16.9 aly ear 28 0 
ADT 2ISM aye ben ae oe oe tee te ees 484.7 435.8 3220 29.0 187 18 
MV iO S13 ee oe ee 176.0 | 159.8 22.0 19.9 49 0 
May 14-23 0.2. rs 2 a Peas ee cae one 339. 0 300. 2 33.9 30.0 173 7 
LE (7 Se eS AOD es Sean OP ee ae 201.0 196.8 33.5 32.8 23 0 
May 30-JUned le ea. coe oe ahs eee eee ee 413.0 478.0 CYEU | Beeeesae- 05) | |eeceececee 
JUNG) 12-30 Se ees cee ee ee ee 667.0 700.0 Oil Soe ee eee ee 


An examination of this table shows three very distinct periods of 
emergence, the first being from April 3 to 13, inclusive; the second 
from April 21 to May 5, inclusive; and the third from May 14 to 23. 
No weevils emerged from the Dallas cages after May 23. At Keatchie 
a fourth period may be considered as occurring between May 30 and 
June 11. In this place the emergence ceased on June 28. It is 
noticeable that between June 20 and 27 no weevils had emerged. 
It will be noticed in the table that the periods of largest emergence 
are separated by periods having decidedly lower temperatures, 
during which emergence was decreased, although it did not cease 
entirely. 

The relation of emergence to 5-degree increments in effective tem- 
perature is shown in Table X XI. 


TasLe XXI.—The relation of emergence to increase in effective temperature at Keatchie, 
La., and Dallas, Tex., 1906. 


Keatchie, La. Dallas, Tex. 

Rangeof | ss - : -Totalnum-| Per cent, 

effective | | | | | ber of based on 
tempera- | Number of Per cent of Number of Percent of} weevils | grand total 

tures. weevils | total | weevils total emerged. | emerged. 

emerging. emergence. emerging. | emergence. 

| - 

1-14°. 20 DAS 0 0 20 2.5 

15-20°.. 52 hol 2 3.6 54 6.8 

WET ree 116 | 16.0 25 45.5 141 17.8 

26-30° . . 127 | 17.5 18 32.7 145 18.5 

31-35°.. 309 42.4 10 18.2 319 40.7 

36-40° . . 84 es) 0 0 84 10.7 

41-50°.. 20 | ONT 0 0 20 2.5 

Total 728 100. 0 DD 100.0 783 100.0 


The number of weevils emerging under 14 degrees of effective 
temperature, or 57° F., is very small indeed. From that point the 
emergence increases with the increase in temperature until after a 
majority of the weevils have emerged. Most weevils left their 
winter quarters during an effective temperature averaging between 


a 
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21 and 35 degrees. At Keatchie 75 per cent and at Dallas 96 per cent 
of the total emergence took place between these limits. At Dallas 
the largest emergence occurred between 21 and 25 degrees of effective 
temperature, while at Keatchie the largest emergence occurred 
between 31 and 35 degrees. 

In considering the effect of temperature upon emergence it must be 
remembered that the nature of the shelter within which the weevil 
hibernates must inevitably have an important bearing on the time at 
which the weevil becomes active. 


ENTRANCE INTO HIBERNATION SURVIVAL 


AND EMERGENCE. 


RELATION OF TIME OF LO 


It has previously been stated that none of these experiments was 
instituted more than about a week before it became cold enough for 
practically all weevils to hibernate. For this comparison it is pos- 
sible to use only the data for those sections having similar conditions 
as to (1) the source from which weevils were obtained, (2) the time 
when they were placed in the cage, and (3) the general nature of the 
shelter afforded. 


TasBLE XXII.—Relation of time of emergence in 1906 to time of starting hibernation 
Y g 


in 1905. 
Percentage of total emergence, 1906, occurring in— 
Section | When wee- _| Per cent 
number in | vils were | of sur- Remarks. 
raked ) ] ‘ F_ TiV: 
Gaeee put in. March. | April. | May 1-14. May 15- lTyne 2-30.) VV al. 
d June 1. 
7 and 8..... Nov. 25 ew f 46.3 28.7 15.7 5.5 pau 
and 29. Rae as 
14, 15, and | Dec.3and 48| 47.4 17.1 24.7 5.5 3,03 | (Texas weevils. 
16. 8. 
Life Meo ae Nov. 28... 9.7 41.4 2 22.0 2.4 4.1 |\ Nepean epee Bate 
Ieee Nov. 18... 0 28.3 15.0 0 24.5 5.3 |fvoulslana weevils. 


In the first section of the table, among weevils collected in Texas, 
it is apparent that there was practically no difference in the time of 
emergence between those placed in hibernation from November 25 
to 29 and those started December 3 to 8. In the second part of the 
table, among the Louisiana weevils, those entering hibernation 
November 18 emerged more slowly than did those placed in the cage 
November 28. The explanation of this may probably be found in 
the fact that the first date was not sufficiently early to insure the 
death of many weevils by starvation before they could hibernate. 
It did, however, allow a larger proportion of them to penetrate deeply 
into the shelter than in the case of weevils placed in the cage ten days 
later, which was only one day before a marked decrease in tempera- 
ture. The weevils placed in the cage on December 3 and 8 experi- 
enced warmer temperatures than those placed in on the 28th of 
November, and, therefore, found conditions more favorable for their 
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entrance into hibernation. The records indicate that there is a most 
favorable time for entrance during which weevils may find shelter 
from which they will emerge rather later than the average during the 
following spring. 


THE RELATIONSHIP OF ACCUMULATED EFFECTIVE TEMPERATURE TO 
EMERGENCE. 


In studying the relationship of accumulated effective temperature 
to emergence the initial point has been set arbitrarily at February 1. 
It would be both interesting and profitable if we could determine 
positively the exact effective temperature conditions under which 
emergence from hibernation begins. This point will be further dis- 
cussed in the light of the additional records obtained in Texas in 1907. 

The object in this particular study is to determine the relation 
of accumulated effective temperature to the accumulation in emer- 
sence. The records for both Keatchie and Dallas are included for the 


e 


sake of comparison. 


Taste XXIII.—Relation of accumulated effective temperature to the beginning and 
accumulation of emergence, Keatchie, La., and Dallas, Tex. 


| 
Accumulated — ef- | Accumulated num-) Accumulated — per- 


fective tempera- | ber of weevils | centage of total 
: ture. | emerged. | emergence. 
Periods of emergence. | 
Keatchie.| Dallas. Keatchie.| Dallas. Keatchie.| Dallas. 
es 5 3) Saeoo 
1906. rvs Ue 
GD 28 Moet craic Nee aie, ketene a eee ore ome 145.6 208. 6 0 0 0 0 
VE Tre Le Ls 5 eee c re  he e ee  e e 282.1 325. 0 0 0 0 0 
Mars) -2lbo: 4 aan eae eee ee a ae ee 294. 1 3380. 5 0 0 0 0 
Mari 22-2 1 Ses crc tie bie cee eres ee eles 435. 1 482.3 25 74 3.4 3.6 
Mare2S—Aipr, 2igee ae as eee eee ae 472.1 548. 9 37 2 5.0 3.6 
AND Tig oa Do etn eta eee eae 747.6 792. 5 202 30 27.5 54.5 
ADT LA 20 doce ican rere aoe eee 866.1 916.6 230 30 31.3 54.5 
Atpre2I=Maye 5222s cence ce ees cee cose- == 1,350.8 1,362. 4 417 48 56.8 87.2 
MayG=l8o2) 28 te eee meee ane ae eee 1,526.8 etsy A) 466 48 63. 4 87.2 
1 Era gee 72 Pe eae rare 2 ea tetrad eerie, 1,865.8 1,812. 4 639 55 87.0 100.0 
May eo Se es Soe eas eee ad ee 2,066.8 2,009. 2 662 55 9010 \ 522 seers 
Mayr80-June Ll ee Siro oe oe ee ane 2,479.8 2,487.6 127. 55 9970) | eaecence 
QUNne 12-30 eee cone ooece sae Pore 3,146.8 3,188. 0 | 734 55 LOOZ OM} ee eee cence 


| 
| 
} 


Emergence at Dallas became complete with the accumulation of 
slightly over 1,800 degrees of effective temperature, while at Keatchie 
complete emergence required slightly over 3,000 degrees of effect- 
ive temperature. At Dallas 87 per cent of weevils had emerged 
when 1,512 degrees of effective temperature had accumulated and 
the same percentage had emerged at Keatchie with 1,865 degrees 
effective temperature. For the last 13 per cent of weevils emerging 
but 300 degrees of temperature accumulated at Dallas, while at 
Keatchie nearly 1,300 degrees accumulated. It is probable that at 
Dallas during this season the emergence in the cage was completed 
somewhat sooner than would have been the case normally, on account 
of the late period of starting the experiments. 
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At Victoria in the spring of 1904 the period of emergence from 
hibernation was determined in the field under exceptionally favor- 
able conditions. A severe drought, occurring immediately after 
most of the cotton had been planted, so retarded germination that 
the sprout cotton developed nearly two months in advance of 
the planted. Large numbers of weevils emerged before most of the 
planted cotton was through the ground. Practically the only food 
supply afforded these weevils was found in the sprout cotton. By 
reducing the number of sprout plants upon a field of 65 acres it was 
possible to examine at frequent intervals all of the plants. Since 
all weevils found at each examination were collected and removed 
from the field those found at the next subsequent examination may 
be considered as having emerged in the interval. The development 
of squares upon the most advanced plants was not sufficient to 
make it possible for any weevils of the first generation to have become 
adults before June 1. The collections from the sprout plants were 
continued until May 26, and it is probable that some weevils emerged 
from hibernation after this date. Our knowledge of the weevils at that 
time was not such as to enable us to distinguish accurately between 
hibernated: and recently emerged adults after that date. For that 
reason May 26 was considered as representing the conclusion of 
emergence from hibernation, although it probably continued longer. 


TaBLeE XXIV.—Relation of accumulated effective temperature to accumulated emergence 
in field observations at Victoria, Tex., in 1904. 


. Accumu- Accumu- 
A Accum lated . lated 
ee ae ee percentage ae percentage 
ater number raean cote atec Seay 
Periods. effective of plants eee number of |, aa h ae 
tempera- of cotton apa ce weevils |® een 7 : 
ture. sprouts pereinan found. number 
examined. examined. found. 
_ = - 
oF 
GD DS eee tte carats wi bemiaiate te ears Boas 508. 0 None. None. None. None 
Mar. Sep oA ae SR Sooo. 585. 5 250 4,2 19 2.93 
MET LOS ODE ait metas. Set OPA oe oo Lome ee up ba By 2s) 650, 11.0 39 6.0) 
INSTR D Gs Ite eo ok awe itiaeree tara c.- oiewieh 1,240.0 1,190 20.1 65 10. 05 
SAT eo eee Cee hare ee ce ee. 1,378.5 1,720 29.1 100 15. 40 
EA et One lezeraeeere cho ata ae ee a eee irs 1,537.0 2,120 35.9 160 24. 60 
PAY) Lat lievenl One Severe 2 cnc pepe ee adel tmieclanc 1,656. 0 2,320. 39.3 200 30. &C 
Ya of os 3 L714 ae Ua a ee 2,104. 0 2,570 43.5 224 3-4. 56 
Mia yoZet eee ait eid Meany, oe oT: 2,374.0 2,990 50. 6 376 58. OC 
MeycI2al OSs os cela sonteecie ce gccue cul eas 2,584. 0 4,168 70.5 521 SL. OC 
NGA { 0 a a ge et 2,814.5 5,900 100.0 648 100. 00 


A comparison of Tables XXIII and XXIV shows that there was a 


much greater accumulation of temperature at Victoria for the same 
percentage of emergence than occurred at either Dallas or Keatchie, 
although the Keatchie record appears to exceed the Victoria record 
in the amount of accumulated temperature accompanying complete 
emergence. It seems very probable that in the field records the 
accumulations are excessive because of two facts; first, at each 
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examination all weevils were considered as emerging upon the date 
of the examination, whereas in the cages the weevils were collected 
daily. The second reason is that upon plants in the field there was 
a much greater possibility of overlooking weevils which were present 
and which might be found and counted as having emerged upon 
some succeeding examinations. Table XXIV is, however, of value 
in supporting the records given in Table XXIII, especially because 
similarly favorable conditions for determining the full period of 
emergence in the field may rarely occur. 


LONGEVITY OF WEEVILS AFTER EMERGENCE IN KEATCHIE EXPERI- 
MENTS. 


For determining longevity after emergence the weevils emerging 
during short periods were placed together in a smaller cage provided 
with a variety of rubbish but with no food. Examinations of the 
small cages were made at frequent intervals and the period between 
the average date when weevils were placed in the cage and the aver- 
age date of examinations was recorded. The figures are arranged 
chronologically according to emergence. 


TaBLE XXV.—Longevity of weevils after emergence from hibernation, without food, at 
Keatchie, La., 1906. 


| Average | t Average 
Number Seinen 5 Number reper 
Date of emergence. | of weevils | Me ey Als es || Date of emergence. |of weevils Weevil- number 
emerged, | C2YS-“ oe YS emerged. days.2 | of days 
5 lived. ts lived. 
1906. 1906. 

March 26.........-- 1 62.0 62:0)! May Toe 2222225 sass. 16 292.5 18.2 
April 10..........-- 44 905.5 | 21.7 || May 8.............. 16 262. 0 16.3 
go) 9 0 erent eee 35 751.0 214s May lOve sees eee 1 1.0 1.0 
April 122 tees es ceae 29 678.5 287 43||( May lle essences 6 54.5 9.0 
a0) wl ks eee eer 8 261.0 32.6 || May 12-.-..---..... 5 13.0 3.2 
April 4 sesso eoe Se 7 169.0 24s May. 18: eco ee cee 1 1.5 | 1.5 
PANTIE eee eee 5 | 100. 5 20H) | Mia alas eee 8 58.5 1683 
PATONG setae eters see 2 59.0 20Pbr il May 1d. c255-2 cece 2 26.0 13.0 
pri hi ste a eee | ee ees atc eee st | nee ee HONG yA Geer eee 13 169.5 | 13.0 
Aprils 922 oe- eae 2 55. 0 27.5 | ay 6 58. 0 9.6 
April ZOsescce seen 11 119.0 10.8 | 4 48.5 12.1 
Aprile Seema e 9 | 92.0 10.2 2 | 23.5 17, 
April 22 seae ee oee 23 378.5 16. 4 2 29.0 14.5 
sy 0) D2 eee ea ae 6 | 132.5 | 22.0 2 | 26.5 13.2 
Aprili24s ee ee ese 4 36.0 9.0 1 | 1.5 | 1.5 
Aprils asses eeee ce. 9 | 83.5 9,2 1 7.5 7.5 
ADEM AG seer: sevice ae 3 24.0 | 8.0 4 35.0 8.7 
ANDY IL 28 See cine s ce 46 855. 0 D5 | UUILG Ofer as tos 1 7.0 7.0 
April 30............ 18 | 313.0 17.3 || Jume 19............. 1 4.0 4.0 
Maya sane nee | 2 15.0 7.5 = = 
IME yd res eee es eee 15 | 173.0 Weyl Totals and 
May 4......-......- 28 | 431.0 PS) average. ... 418 | 7,155.0 aly eal 
Moi ees beeen 19 | 342.0 18.0 | 


a1n the third column of the table the expression ‘‘weevil-days’’ is used to signify the total number of 
days lived by the total number of weevils recorded for a certain date. For example, if one weevil had 
lived 10 days, a second 15 days, and a third 23 days the total number of weevil-days for these 3 individuals 
would be 48 and the average number of days lived would be 16. 

It is noticeable that weevils emerging early in the season survived 
far longer than the average period, while those emerging toward the 
end of the season survived for less than the average period. For 
the 418 weevils tested the average duration of life without food 
proved to be slightly over seventeen days. 
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The work at Dallas for 1905-6 was planned especially to check 
the results of the experiments at Keatchie which have been described. 
The cage used (Pl. IV, fig. 1) was divided into four sections, each 
having a ground area of 100 square feet. In one section the natural 
conditions of shelter were left unchanged (Pl. IV, fig. 2). There 
was practically no grass upon the ground, but the growth of stalks 
was quite heavy. In the other three sections the shelter provided 
(Pl. V, figs. 1 and 2) for the weevils was arranged in such a way 
that it might be possible to divide each section into two parts by ¢ 
middle partition. Unfortunately the first cold weather occurred 
before the weevils could be placed in these sections, and it was neces- 
sary to keep the weevils confined in boxes for several days until it 
became sufficiently warm to render them active so that they might 
find shelter in the cages. The weevils were liberated at approxi- 
mately the center of each section and allowed to move in any direc- 
tion they might choose. The object of this was to determine whether 
particularly favorable rubbish might exert a special attraction for 
the weevils. 

About three weeks after the weevils were liberated an examina- 
tion was made of each section and the number of weevils crawling 
actively upon the wire was determined. An examination of the 
boxes from which the weevils were liberated and which had been 
left undisturbed in the cages during this period showed that a large 
mortality had occurred before the weevils really entered hibernation. 
Table X XVI shows the principal points in regard to the beginning 
of the experiments and the emergence of the weevils during the 
following spring. 


TasLe XXVI.—Large-cage experiments in hibernation at Dallas, Tex., 1905-6. 


Active | Weevils | Pereent | Fereent- | pate ot | Day of 
Section ms r Weevils | W°®V'S: | dead, weevils living ce eshte 
of cage. Kind of shelter. put in. eee | Decem- | active, | among | mel ey 
ae > | ber 26, | Decem- | those ex-| SC2Ce, aaa? 
ee 1905. | ber, i) amined. | 106. = 
1 
a | 
‘ Se oetiaee oe Cotton stalks.....- 2,600 375 | 615 14. 4 38.0 | Apr. 4] May 2 
Pt.1...| Cotton stalks re- | 2,500 200 515 8.0 | 28.0 | Mar. 22] Apr. 9 
moved March | | | 
22, 1906. | | | 
ite 2e ee |e COLLOMAStalics! and hss secs! See aoe clio eee fe ce Seen {ot sh soeke Apr. 4] Apr. 11 
leaves. | 
ILI: 
tena |b ane. css2 cess ce 2,500 260 1,205 10.4 17.7 | Apr. 23'| Apr. 23 
teeta RAV a ote s bs oc soc aoe en ers See eae |e ene d| See ened eae necnaet May 14] May 14 
IV: 
Pt. 1...| Piled boxes. ...-- 2,500 238 | 1,625 9.5 12.7} Apr. 4{ Apr. 11 
Bice apCormmand. (COLON: | ecrc. alee cecceecstsesaccseen |e ecko tele eee. Apr. 9j| Apr. 9 
stalks. 
Total and 10, L00 1,073 3,960 10.6 213 
average. 
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Taste XX VI.—Large-cage experiments in hibernation at Dallas, Tex., 1905-6—Con. 
Py fy y ? 


Emergence by periods. Rank 
Per- of 
a Total | °°" | cages 
of oe Kind of shelter. | | sur- | ©? | on 
Oo Mar. | Apr. | Apr. | Apr. | May | May | May | vival. Bet basis 
22-31.) 1-10. |11-20.|21-30.| 1-10. |11-20./21-31. vial ofsur- 
| vival 
: Phe SR CottOntstalks en seee eee 0 1 2 4 4 | 2 0 130 2 
Te 
Pt.1...| Cotton stalks removed 2, 3 0 3 0 | 0 0 8 | 1.04 4 
March 22, 1906. 
Pt. 2...| Cotton stalks and leaves... 0 6 7 3 1 1 0 1S) ee eee 1 
TIT; 
Bil BTC cis ge eee, aoe 0 ii 0 1 0 0 0 Diack 5 
Pt. 2 IA Yio accuse are eee 0 0 0 0 0 | 1 0 Bl eee Be th 
I\ 
Pieless|Etleds DOxXGS Sen ae ace oe 0 4 3 2 0 2 12 . 56 3 
Pt. 2...} Corn and cotton stalks... .. 0 2 0 0 | 0 0 0 2h lees ae 6 
Total and average. - .| 2) U7 i iB} 5 5 2 56 5 
| | 


The division of sections 2, 3, and 4 was made by inserting a par- 
tition of cheese cloth early in the spring of 1906 before any weevils 
became active. The percentage of survival has been based upon 
the total number of weevils placed in the four sections. It should 
be borne in mind that the conditions at the time of entrance into 
hibernation were decidedly unfavorable for the weevils, as is shown 
in the fact that about 35 per cent had died before December 26 and 
under such conditions as to indicate that they were very weak at the 
time they were placed in the cage. No allowance has been made for 
the escape of weevils through the wire. It thus appears that approxi- 
mately 1 per cent of the weevils which really may be said to have 
entered hibernation survived and emerged between March 21 and 
May 31. The survival in the bare section was less than one-fourth 
of the smallest survival in the sections provided with rubbish. For 
the sake of comparison with the records at Keatchie, La., some data 
from the Dallas experiments have been used in connection with 
those at Keatchie in several of the tabies which have already been 
given. 


NATURE OF WEEVIL ACTIVITY-FOLLOWING EMERGENCE FROM HIBER- 
NATION. 


In following the activity of emerged weevils it was deemed advis- 
able to pursue a very different method at Dallas from that which 
has been deseribed at Keatchie. Instead of removing weevils from 
the sections in which they had emerged, each weevil was marked in 
such a way as to make it possible to recognize it individually and the 
weevils were allowed to remain practically undisturbed in the sec- 
tion where they had spent the winter. In making the daily exam- 
inations record was kept of the appearance or disappearance of each 
individual weevil. No food was supplied in any of the sections until 
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Fig. 1.—Four-section cage used for experiments, built over cotton. Fig. 2.—Shelter conditions as 
occurring naturally in section 1. (Original.) 
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SHELTER CONDITIONS IN DALLAS, TEX., EXPERIMENTS, 1905-6. 


Fig. 1.—Piled cotton stalks and piled boxes in section 2, Fig. 2.—Standing cotton stalks versus 
piled leaves, section 3. (Original. ) 


LARGE-CAGE EXPERIMENTS AT DALLAS, TEX., 1905-6. o1 
toward the close of the experiments in May, when seed was planted 
and cotton began growing before the last weevils emerged. Some 
very interesting results were obtained from this method of observa- 
tion. A majority of the weevils were seen a second time, and some 
disappeared and reappeared as many as eight times. The longest 
period between the first and second appearances of any individual 
was forty-three days. 


Taste XXVII.—Intermittent activity of unfed weevils after emergence, at Dallas, Tex., 
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As has been previously shown, entrance into hibernation is a 
gradual process and weevils which have first become quiet may sub- 
sequently become active and seek other shelter before finally hiber- 
nating. In a very similar way emergence from hibernation is 
gradual but extended throughout a longer period of time than is 
entrance into hibernation. The observations recorded in Table 
XXVII also show conclusively that weevils may leave their winter 
quarters during warm days and, failing to find food, they may again 
become quiet and emerge again after a considerable interval. This 
fact has an important bearing upon the proposition which is fre- 
quently advanced by planters of starving the weevils in the spring 
by deferring the time of planting. While many weevils might perish 
in this way, it is certain that many more would be able to survive 
and reappear at intervals, so that there would be plenty of weevils 
to infest the crop, even though this might be planted as late as is 
possible to secure any yield. 

Other observations were made upon the intermittent activity of 
unfed weevils during the spring of 1906. Weevils from Calvert, 
Victoria, and Brenham, Tex., were tested. The weevils from Cal- 
vert and Victoria, Tex., had been confined in hibernation cages 
throughout the winter. Those from Brenham were collected in the 
field early in March. None of these weevils had tasted food after 
emergence. In these tables the date of death, unless otherwise indi- 

rated, is considered as having been the middle date between the last 
examination at which a weevil was found alive and that at which it 
was found dead, 
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TaBLE XXVIII.—Jntermittent activity of unfed emerged weevils, 1906. 


r When ; : Date of 
r When a When Weevils z 
Locality. Pieri put in hi- pace ed rehiber- | put in rehi- et 
| bernation. narnatiGns nated. bernation. Aa 
1905 | 1905 1906, 1906 
Calvert; Wexse 2--2se.sescc-- 5-5 Nov. 25| Nov. 27) Apr. 19] Apr. 23 20| May 10 
eee eae {Nov. 7,13 | Nov. 7,13 ||, 2 | P 
WAGLOTI As OX nmr cise emesis '\Dee. 11 Dec. "11 \Apr. 6} Apr. 16 7) Apr. 24 
| 
1906 | 
Brenhanl, dhox sees osse eee es Nov. 3 | eee eee Mar. 1 | Mar. us 8| May 11 
Average 
Weevils eet Weevils yer : | Weevils eee length of 
Locality. surviv- een surviv- ee ae | SUE = é life in 
rae exami- ae exami- | ing longest rahiber 
a ati Do tj be ]ve ‘ ae 
nation. nation. | survival. mera 
SS | _ — im 
: | Days. 
Galvert; Tex 2-2 2 aaa eee oe 10 | May 22 6 | June 8 0| June 8 30.4 
MiICLOrIS) Oxe eres cee eoeeoese 3) May 10 OF |S eettece nse Seeee eee May 10 19.1 
Brennan, CLG xe see ee 2| May 23 1} May 31 0 | May 31 67.4 


The records for Calvert and Brenham show a very remarkable 
power of endurance in some weevils, the average survival for the 
two lots of 20 and 8 weevils being over thirty and sixty days, 
respectively. 


CLIMATIC CONDITIONS PRODUCING EMERGENCE FROM HIBERNATION 
AT DALLAS, TEX., IN 1906. 


In the figure given below, representing climatic conditions and 
the emergence at various dates, the temperature line given repre- 
sents only the mean average effective temperature. 

In this case, as at Keatchie, the emergence occurred especially dur- 
ing four well-defined periods and the conclusions stated in connection 
with figure 1 apply equally well to the results shown in figure 2. 


EMERGENCE IN THE FIELD AT VICTORIA, TEX., IN 1906. 


The observations upon emergence in the field at Victoria, Tex., 
in 1906, were begun too late in the spring to indicate the limits of 
the first part of the period of emergence. For this work a field of 
about one-half acre was selected in which it was apparent early in 
May that there would be a large number of hibernated adults. The 
observations were planned to furnish information particularly upon 
two points under field conditions: (1) The determination of the 
period of emergence and (2) the period of activity of emerged wee- 
vils. The work was done by Mr. A. C. Morgan, who devoted par- 
ticular attention to a study of this field throughout the season of 
1906. The method followed was to examine every plant and every 
square or boll throughout this area, After the first two examina- 
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EMERGENCE IN THE FIELD AT VICTORIA, TEX., IN 1906. Sp 


tions had been made it became apparent that some method must be 
adopted to enable the weevils found at each examination to be dis- 
tinguished. At each subsequent examination, therefore, the wee- 
vils found were marked witn a paint of a Hiern color. Early in 
the season the weevils emerging from hibernation were sufficiently 
numerous to practically prevent the setting of fruit upon this area. 
The first weevils of a new generation did not begin to appear until 
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Fig. 2.—Chart showing mean average temperature, rainfall, and weevil emergence, Dallas, Tex., March 
to May, 1906. 
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about June 20. It was then easily possible to distinguish between 
hibernated adults and those which were not more than two or three 
weeks old. It is probable that the oil paints which were used may 
have been responsible for the death of many of the weevils marked, 
since it was hardly possible in the field to apply the paints with the 
necessary care. 
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TABLE X XIX. 


Emergence records for one-half-acre field at Victoria, Tex., 1906. 


Number of weevils found. 
Ata ohaxayiiniac ce] ss) cs) cs) L 
ot Simao io o o © Eg Remarks. 
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| ae ak 3h fu 
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1906. ofall) ecu [iketia| fee Iharoh ll AS 
Mavil 9: sac aescais¢ BACH eee | $c | see elem eames ...-| 3846 | Weevils not removed. 
WEA ey eee me BOS se=cl Sees | Nose n= aelleeee --e-| 808 Do. 
May 28.a 
June 3-5.....-...-- BOI!) | Been ere te neal eee eee ...-| 492 | Weevils marked yellow=492. 
June Sees 226) |229))| Rees |e | eee ee .---| 3855 | Weevils marked blue=226. 
June 23-July 5...-. | 165 | 27) 9|18) 9 |....].-..| 228 | Weevils marked red=87. 
Dulivys28—265- ase sees 731) 3} 0} O| 1} 2] 2) 739) Weevils marked white=78. 
Total........ 2,318 159} 9|18]10| 2] 2 2,518 


a Kighty-seven weevils removed from field May 28 for other experimental work. 


It is evident from an examination of the number of weevils found 
that the number in the field increased steadily until after June 5. 
Between June 5 and 13 a large number of previously marked weevils 
appeared, all of which were undoubtedly hibernated. The very 
small number of first-generation weevils which was found upon the 
examination made between June 23 and July 25 was due primarily 
to the exceptionally severe hot dry weather which had prevailed for 
several weeks. The gradual decrease in the number of living hiber- 
nated weevils was greater than the increase in the number of first- 
generation weevils. During the period between the middle of June 
and the middle of July the plants rapidly increased their fruiting 
activity and there was a decided decrease in weevil injury. It is 
interesting to note that in spite of the large number of hibernated 
weevils occurring in this field, which threatened early in the season 
to prevent entirely the setting of fruit, the weevil injury and devel- 
opment were so checked by the heat and drought that after the 
middle of July these plants set fruit rapidly and the field produced 
an average yield of cotton. 

The most plausible explanation of the late period of emergence for 
weevils found in this field is the existence in its immediate vicinity 
of a large number of trees which were loaded with long Spanish moss. 
(See Pl. II, figs. 1,2.) The explanation of the effect of this moss in 
producing late emergence from hibernation will be considered more 
particularly in connection with the cage experiments in hibernation 
for 1906 to 1907. 
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LARGE-CAGE EXPERIMENTS, DALLAS, CALVERT, AND VICTORIA, 
TEX., 1906-7. 


PLAN OF EXPERIMENTS. 


Profiting by the work done during former seasons, plans were made 
by Mr. W. D. Hunter, in charge of the investigations, for much more 
careful and extensive work during the winter of 1906-7 than had 
ever been undertaken. Three localities for the experimental work 
were selected representing in a general way the northern, central, and 
southern sections of the State. In these localities, also, much work 
had previously been done and the results for more than one season 
could therefore be used in a comparative way. At Dallas, Calvert, 
and Victoria screen-covered cages were erected, each being 20 feet 
wide, 50 feet long, and about 64 feet high. (PI. VI, figs. 1, 2, and 3.) 
These cages were divided into ten sections by partitions, each section 
having a ground area of 100 square feet. The three localities selected 
offered a considerable range in geographical and climatic conditions. 
Each section of the cage was provided with a door opening to the 
outside through which access could be had to a section without 
disturbing the conditions in any other section. It was planned to 
provide similar conditions of shelter in corresponding sections and 
to confine weevils in corresponding sections at as nearly the same 
date as might be possible in each of the three sections. The weevils 
used were collected in the immediate locality where they were placed 
in hibernation. In this way it was anticipated that data might be 
obtained bearing especially upon the following points: 

(1) The effect of the time of entrance into hibernation upon the 
survival of weevils. In the experiments first started it was necessary 
to force entrance into hibernation, if possible, or starvation by the 
destruction of the food supply. The geographical range was expected 
to increase the interval between the beginning of the experiment in 
each locality and the time when weevils would normally hibernate. 

(2) The effect which the complete destruction of food supply at 
varying dates might have upon the success of hibernation. For these 
experiments the shelter conditions were as uniform and as favorable 
as it was possible to make them in the different localities. It was 
hoped through these tests to determine the minimum interval which 
must elapse between the destruction of stalks and the successful 
hibernation of the weevils. 

(3) To determine the effect of exceptionally favorable and unfavor- 
able conditions of shelter upon the hibernation of weevils placed in 
the cages upon the same date. It was intended that the shelter 
conditions provided should be so exaggerated as to represent the 
extremes of conditions which might naturally occur in the field. 
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(4) To determine the effect which different depths and classes of 
shelter might exert upon the success of hibernation and also upon the 
time of emergence and the range of the emergence period. 

(5) To test the power of adaptation which the weevils might have 
acquired to varying climatic conditions by bringing weevils from 
widely separated localities for comparison with weevils collected at 
Dallas. In each test similar conditions of food and shelter should 
exist in each locality. 

(6) To determine upon a large scale, in very widely separated 
localities, the proportion of weevils entering hibernation which might 
survive. 

(7) To determine the relation between climatic conditions and the 
emergence period in each locality. To provide suitable and reliable 
data for this study, standard Weather Bureau instruments were 
secured and temperature, humidity, rainfall, and other records were 
kept in each locality throughout the period covered by the experi- 
ments. 

(S) To determine the longevity of hibernated weevils, especially 
after emergence. Since all weevils used in this work were collected 
promiscuously in the field immediately preceding their confinement 
in the cages, all figures showing their longevity must be based either 
upon the date when they were placed in hibernation or upon the date 
of their emergence. In the latter case it would be distinguished as 
longevity after emergence. 

It was planned to use from 2,500 to 3,000 weevils in each section 
of the cages, although difficulties in the collection of the desired 
number for the particular dates when experiments were to be started 
occasionally caused some variation in this number. Adult weevils 
only were used in sections 1 to 9, inclusive, in each cage, while in sec- 
tion 10 the hibernation of weevils in bolls was tested. One-half of 
the bolls were buried under 2 inches of dirt. The other half were 
exposed upon the surface of the ground. (PI. X, fig. 1.) 

It is generally understood that the principal factor producing a 
hibernation period is the lower temperature occurring during the fall 
and winter months. In its effect upon the survival during this period 
moisture is also an important factor. As a rule, in studies of these 
factors investigators have been obliged to rely upon the climatic 
reports published by the United States Weather Bureau for the par- 
ticular locations desired. It happens frequently, however, that 
there may be no report from the Weather Bureau for the particular 
locality desired. Both temperature and rainfall are liable to con- 
siderable variation within comparatively short distances. In order 
that the data for these studies of the hibernation of the boll weevil 
might be complete and thoroughly reliable, we have kept full climatic 
records in the immediate vicinity where experiments and cage obser- 
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CAGES FOR HIBERNATION EXPERIMENTS IN TEXAS, 1906-7. 


Fig. 1.—Dallas, Tex., cage on flat, black-waxy land. Fig. 2.—Calvert, Tex., cage on slightly 
sloping, sandy land in post-oak region. Fig. 3.—Victoria, Tex., cage on sandy-loam slope 
between bottom and upland. (Original. ) 


LARGE-CAGE EXPERIMENTS, 1906-7. Du 
vations have been made. The instruments used are of standard 
Weather Bureau type (PI. I, fig. 1) and, as the records extend over 
several years, reliable data have been secured upon the following 
climatic factors which may affect hibernation: Maximum and mini- 
mum temperatures supplemented by a continuous temperature 
record made by a recording thermograph; the actual rainfall as meas- 
ured in a standard type of rain gauge; the atmospheric moisture exist- 
ing at 8 or 9 o'clock a. m. and 5 to 6 o’clock p. m., supplemented by 
a continuous record of the moisture in the air furnished by a hygro- 


graph. 


TasLeE XXX.—Outline of hibernation experiments in 1906-7. 


Date of starting experiments 


No. in 1906, 
or eee Character of shelter supplied. Food supply. 
ion. | 
Dallas. | Calvert. | Victoria. 
| 

1|/ Oct. 13 | Oct. 13 | Oct. 25 | Leaves and grass,4to 5inches ...} Allfood removed after two days. 

4 | 'Octe: 16) | Oct. 19) |b 2 done.) a2 3-2 MOM ee eee. Sect CMs tet | Stalks cut down and left to dry. 

2 | Oct. 19 | Nov. 26 | Oct. 28 |..... QU see eet ou ket oot aes All food removed after two days. 

7 | Oct. 25 | Oct. 25 | Nov. 6 | Spanish moss hung on string at | Stalks cut down and allowed to 
top of cage; loose bark on dry. 
ground, 

8 | Oct. 31 | Oct. 31 | Nov. 10 | Leaves and grass 4 to 5 inches | All food removed after two days 
deep. | 

5 | Nov. 6 | Nov. 5 | Nov. 14 |....- Gosesre sea ees See RN | Cotton cut down and allowed to 

dry. 

3 | Nov. 12 | Nov. 14 | Nov. 21 | Leaves and grass, 2inches.....-- Do. 

9 ee2d0! se 2. Nov. 12 |...do..... Leaves and grass, 10 inches....... | Do. 

6 | Nov. 28 | Nov. 25 | Nov. 28 | Ground absolutely bare......... No food supply. 

10 | Dec. 6] Dec. 3 | Nov. 29 (a) 

and 10, 


a Tn this section, 3 bushels of probably infested bolls were exposed on the surface of the ground in one half 
of cage, and 3 bushels were buried under 2 inches of dirt in the other half. 


The dates given in Table XXX are the actual dates of beginning 
the experiment in each locality. The arrangement of the experiments 
shown in the table is primarily chronological, without regard to the 
sequence in the number of sections. Some knowledge of the plan of 
this work is essential to a clear understanding and a correct interpreta- 
tion of the results obtained from it. 


CLIMATIC CONDITIONS PRODUCING 
WEEVILS 


HIBERNATION AND ACTIVITY 
DURING NORMAL HIBERNATION PERIOD. 


OF 


The climatic records are started with October 1, 1906, in order 
to show a comparison between temperature conditions under which 
weevils are normally very active with those under which they become 
inactive. The termination of what is considered as being the hiber- 
nation period is rather arbitrarily set at the time when weevils begin 
to emerge in considerable numbers. It should be stated that in each 
locality the climatic records for the winter of 1906 were very unusual. 
The principal points of variation will be noted in subsequent para- 
eraphs in their most important connections. In each chart (figs. 3-5) 
showing temperature conditions it has been deemed advisable to 
show only the line representing the mean average temperature. 
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While it is probable that a study of maximum and minimum tem- 
peratures is really more accurate, from a_ scientific point of view, 
the mean average temperature, representing one-half of the sum of 
the maximum and minimum for each day will be sufficiently exact 
and a more simple manner of expressing the relationship existing 
between temperature and weevil activity. The significance of the 
term ‘effective temperature” has previously been explained (p. 24). 
Upon the temperature charts the line representing 43 degrees is 
therefore exceptionally emphasized. Wherever the temperature line 
is above this point it represents effective temperature. Whenever 
it falls below the 43-degree line it is possible that frosts may occur 
if other atmospheric conditions are coincidently favorable. 

Whenever the minimum is noted to be 32 degrees or below, the 
actual temperature occurring is given in its appropriate place upon 
the record. When the temperature rises above 80 degrees, establish- 
ing a new maximum, the occurrence is also shown by the actual 
record given upon the charts. 

Since it is impossible for weevil emergence to occur at any temper- 
ature below 43 degrees, that point is considered as initial in the lines 
giving the records of the activity of weevils. The actual number of 
weevils found active at various dates is shown at the top of the line 
in each case. 

ENTRANCE INTO HIBERNATION. 


Ineach locality there occurred a considerable decrease in tempera- 
ture during the month of October, the minimum being reached about 
the 81st. This, however, was not sufficiently cold to cause weevils to 
hibernate in considerable numbers. During the following two weeks 
the temperature ranged as high as the average for October. After 
November 15, however, there occurred a very marked fall of tem- 
perature, the minimum even as far south as Victoria establishing 
itself at about 25 to 27 degrees. All cotton was killed by this freeze. 
The count of weevils found active early in November indicated 
merely that few weevils had entered hibernation at that time. Fur- 
ther counts, made about November 30, showed that even so severe a 
drop in temperature as had occurred did not immediately drive 
weevils into hibernation. During the succeeding two or three weeks 
the temperature again ranged fully as high as during October, and 
apparently many weevils which had sought shelter after the freeze of 
the night of November 19 again became active. This was indicated 
by the large number of weevils found active at Calvert and Victoria 
about December 10. About the middle of December another period 
of low temperature occurred, which was followed by decreased activity 
among the weevils, many of which did not, even then, seek shelter. 
During the first three weeks of January the exceptionally warm 
weather experienced throughout Texas drew a considerable number 
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3.—Chart showing mean average temperature, rainfall, and weevil activity, Dallas, Tex., October, 1906, to March, 1907. 
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Fic. 5.—Chart showing mean average temperature, rainfall, and weevil activity, Victoria, Tex., October, 1906, to March, 1907. 


62, HIBERNATION OF THE COTTON BOLL WEEVIL. 


of weevils from shelter. During the last week of January and the 
first week of February the lowest temperatures of the winter occurred 
at Dallas and Calvert. The counts made immediately after this 
period showed the smallest number of active weevils recorded at any 
time during the winter for those two localities. At Victoria the tem- 
perature was not sufficiently low to produce any marked decrease in 
weevil activity. Durmg the remainder of February there was a 
‘ather steady rise in temperature throughout the State and many 
weevils continued active. The figures show that during the last 
week of the month considerable numbers were emerging from their 
winter shelter; and beginning with March 1 the period of general 
emergence is considered to have begun. 

While these three charts show plainly the conditions existing during 
the winter of 1906-7, proving beyond question that during this 
season there was no such thing as complete hibernation of the boll 
weevil in Texas, it must not be understood that this is frequently the 
‘case. Noothersuchseason has occurred since the weevil entered Texas. 
As arule, hibernation is complete during the period of from four to six 
months. It is certain that weevils may continue their activity 
throughout the season wherever climatic conditions are not sufficiently 
severe to entirely destroy the growth of cotton. 


ACTIVITY DURING NORMAL PERIOD OF HIBERNATION. 


The general impression as to the activity of weevils during the 
normal period of hibernation has been shown in figures 3 to 5. A 
summary of the records for the three locations, with the temperature. 
conditions prevailing at the time of each examination, is shown in 


Table XXXII. 
TaBLE XX XI.—Activity during normal hibernation period, 1906-7. 


DALLAS. 


Weevils counted in section— Total TR Ders 
Date weevils 
ate. ae es eee ; COUN = | 
1 2 3 4 5. 6 7 8 9 | 10. ed. | Max. Mean, 
1906. | | OF. ook 
INO HD Se oe nee ae 230 290% | eccs-! M1) 2 | epererere ere ree Sal eee ere el eee 937 79 64.0 
Nov. 10........--.| G25 I 0G ae ea|anctone Sera sal |= 08 Se 4 he a | Saeed | Roeea Pal Rees 158 | 86| 67.5 
DOMeeeeeeeeeee 4 thi) SRA Rt oi ete | ls ene | ere ergs eon seer = 28 51 38.0 
BA Royer 24s ees ee fal | AE Piet o eS 130 1 DO lee 4 lee exer | Cee 175 62 54.0 
Dechol > a ee 5) 23 19 2, Le te steer! 9 | 11 12 | 18 114 66 48.0 
DCC 2ioseseeeen 8 10 48 5 20 eek cee | 8 7 19 | 25 150 73 64. 0 
1907 | 
Jan aoe 9 18 39 Z es | eee S 13 11 43 80 248 75 69.5 
Patines ees see 1 24 68 15 Bo Weenie | 15 ) ya | 70 310 2 68. 0 
ANS 2a es oe eee oe 4 5 25 3 17 2A. yee 16 | 14 109 73 48.5 
Qe e 1 el eee 1 4 Sree 9 n A, eal 22; 2 54 64 | 45.0 
Hebvilo. tee awe: 3 } tial 3 21 6 14 | 5 50 9 13 80 65.0 
Total........ 341 486 | 341 | 140] 188] 32] 386] 57] 217] 218 |@2,406 |....--]...... 


a This total represents 7.8 per cent of all the weevils put in the cage. 
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TasBLE XXXI.—Aetivity during normal hibernation period, 1906—7—Continued. 


CALVERT. 
i] 
| Weevils counted in section— Total so ics 
weevils, : 
Date. ~ : = a —_—_—— | count- | 
la }/2fs3a]4 5. {6 ]7 | -8 | 9 | 10 | © |Max.|Mean. 
_ | oes 
1906. | Oe eae 
Now fifser. cess... Cae eee 98 | 233 |...... 28 | 161 |......]...... ry pees ae 
INOW20n ce bec 2 sess | 3 | 214] 55 9 6 |...... 10 | 139 |...... OM eee eee 
WOG 22s he chee ck 4| 47] 30 4 8| 217 o| 17| 69 1 397 | 60) 48.0 
1907 | , 
Vanslteee eo. soc25% | 68) 41] 12] 10) 90 3| 12] 50 2 299 | 82] 70.0 
A ieee) Sea 8| = 380)| °22 7 7| 63 2 4] 20 1 159 | 62] 47.0 
iia 2 eee eee IL) an ssa ayy 1 oo eo 1 5| 17 1 86| 56) 39.0 
HOH elena es 2 oees ae 5 0; 1] 28 1 ee 0 75 | 75| 52.0 
MEDS 18cc.0 25 sone Tal iaeta 6 0 OU 43? |e 2 Bil 322 0 91| 79] 62.0 
LNG S20 ee a 3 «10 5 0; 2 36 1 1} il 0 | 69 74 | 65.0 
Total........ 46| 407| 171| 61| 272] 514| 44] 216] 349 By 2,085. |i. ve aces 
| | | | 
VICTORIA. 
1906. 
Nov. 25....-..---- 1382204 |eeeese PSUS eee eeapeerese | Paeeecre (aN oe ah oe ee 496 | 74] 66.5 
Dec 10 Geet ee ae |e |e. 3450 (2.08. 504 |......| 64 | 546] 323 ]...... | 1,782 | 73] 59.5 
[CCSD eee ease |e eee Baers: GBI eee) eee eee ee 236 | 19 418 | 47} 40.0 
Dewees eae 62) |e Oba ese: | 66) 186} 81| 18] 200|......|...... 708 | 65] 51.5 
i | | 
1907. | | 
UTI ten see | ena Pan LOS setae ecko |e tiytellconree | 134} 11 253] 77 | 73.0 
Vang Aeneas 147) | "8002 G2 eee 1068 | Saeee soe ieee Bae ae: 404 | 77 | 72.0 
Jars 21.2...1 2.0.2) 68) ~50'| 193 |) 27 | 69) 76) 16) 106’) 1891) 5 729 | 66| 52.5 
Heb asco ee 48\ 55| 89! 40] 85 | 46] 43] 67] 123 3} 599] 60] 50.0 
Mabe Senco eens 55| 40| 91] 21| 65) 46] 18| 29| 74 3) 442) 74] 62.0 
Ney hae eee AOU Se memrbal 1Sal x660l) BeBIN |) fb seee 22 |. ole 28 312| 70| 66.5 
iotelesesasee 562 | 561 | 994| 388| 975 | 386| 209] 948 |1,079; 41 |66,143 |...... ener 
| | | } | 


a This total represents 10.5 per cent of all the weevils put in the cage. 
> This total represents 27.7 per cent of all weevils put in the cage. 

It is hardly probable that a majority of the weevils may have 
been counted upon two or more dates, but the fact that dead weevils 
were found clinging to the wire (PI. VII, fig. 1) at the time of each 
examination indicates a considerable mortality among the active 
weevils and that the places of the dead ones in successive counts 
were taken by weevils which had become active since the preceding 
examination. The percentages of active weevils for the three local- 
ities show a rather significant difference, and are given for the sake 
of this comparison without presuming to state correctly the actual 
percentage of weevils placed in hibernation which remained active 
during the winter in the respective localities. At Dallas the 2,406 
weevils counted during the winter constitute 7.8 per cent of the total 
number placed in hibernation. At Calvert the 2,085 active weevils 
constitute 10.5 per cent of the 19,408 placed in the cage. At Vic- 
toria the 6,143 active weevils constitute 27.7 per cent of the 22,463 
in the experiment. Since approximately the same number of exam- 
inations were made in each locality the differences in percentage 
indicate in a general way the relative activity in these sections of 
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the State. Thus at Dallas 8, at Calvert 11, and at Victoria 28 out 
of every 100 weevils placed in hibernation might have been active 
during the winter. Of course, it is likely that many weevils were 
counted twice. On the other hand, to counterbalance this duplica- 
tion in the number recorded, it should be stated that undoubtedly 
many weevils were active at intervals between the counts which 
were either upon the ground or had returned to the ground before 
the examinations were made. Only those weevils which were found 
crawling upon the wire covering of the cage were recorded. The 
temperature conditions as shown for the dates of examination indi- 
‘ate that there would be no physiological difference in normal weevil 
activity upon those dates. The sectional totals indicate that vari- 
ations in the class of shelter in the different sections exerted little, 
if any, effect upon the activity of weevils during the winter, with 
the exception that Spanish moss seemed to keep more weevils from 
becoming active than did any other shelter. 


WINTER ACTIVITY. 


In most instances when the active living weevils were recorded 
those which were found dead clinging to the wire were collected 
and counted for each section. Undoubtedly a great many weevils 
fell from the screen before or after dying, so that the records are 
very conservative in showing the mortality occurring between exam- 
inations. These records should be considered in connection with 
weevil activity, since the collection of dead stages prevented their 
accumulation upon the wire, and the number found at each exam- 
ination must. be considered of those surviving and remaining on the 
wire from a preceding examination and those which emerged subse- 
quently thereto. 


Taste XXXII.—Summary of winter activity as shown by counts of dead weevils. 


DALLAS. 
Number of dead weevils found in section— Total 
a ee ____| num- 
| | | ber 
Date. of 
Joa fo} Be | Be 8. 1m | ah aoe 4) rose 
| | | | vils. 
| | _—_ = a | Ls 
1907. | 
JaNUaby: Die sees eseee ee ee terse ese | 2 3 4 1 Baye saae 10 th 10 4 (it) 
January 12.....-- Bane ee doe use 0 A ee ae | eee 77a eens ieee leben’ enter ese | 3 
SATU 4 See tener eee | 2 | 2 | Dan eae aaa 2 i O72) eo. essen oe 2} 5 | @ 687 
Pebruary 22. oes. eo. eceee ee ees ib, | 3 4 1 5 7 3 1 6 a\ 38 
ET Tyee [heey eee 3 I 3 1 Ivieee 3 1 13 
UN ee eee ere } 5/ 9| 13) 38| 46] 680| 14 8| 21| 17] >816 


| i} | | | 


a Of these, 622 were on cloth on ground, having fallen from the wire. 
b This total represents 2.6 per cent of all the weevils put in the cage. 
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SHELTER CONDITIONS, DALLAS, TEX., CAGE. 


Fig. 1.—Active weevils trying to escape through wire on October 20, 1906. Fig. 2.—Section 1, in 
which weevils were placed October 15, 1906, 2.61 per cent surviving. Fig. 3.—Section 4, started 
October 16, 1906, 4.07 per cent surviving. (Original. ) 
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TaBLe XXXII.—Summary of winter activity as shown by counts of dead weevils—Con. 
CALVERT. 
Number of dead weevils found in section— | Total 
es = = /num- 
ber 
Date. of 
TG te pale eal mn eye Bon tOe whi 10s ee 
vils 
1906. | 
INOVENDeLALise cee ieen nc nee. 17) 0g [ee (ees 36 Son|eese- 6 | Seer eae 293 
INO Vem bEr29)2 2. cece ce te teee 14 2 101 7 39 2 20 34 lesacias 220 
Decent ber 22/2* -/-2 hse eee ese e 1 3 16 7 5 2 0 4 7 Zi 47 
1907. . 
VANUATY MAS oo ay ahe fe ete=< atasere 5 4 3 2 5 10 0 3 10 1 43 
SUIT yao lice ot oes et Jato ears OW Seeeere PE eee 5 2 0 0 6 0 35 
VANUATY 28) mses. sass seattle sate sL}| eeieers| Sector Ut ee aoe 0 Odlescee 0 1 
IMG DTUAR Yel estas aoc aoa cece 0 5 5 2 0 12 0 3 3 0 | 30 
ebruary US's. 25 2s: foascSe se <s 1 4 | 3 0 | 0 4 0 2 9 0 23 
KY ODED ape tem eile i ie eee Obieeeee 1 0| 0 0 1 OW eteae 0 2 
MO Galler ee ine eral sie cc oa aece 143 18 141 54) 137 41 9 79 | 69 3 | 2694 
VICTORIA 
1906. | | | 
INOVeMmpen 25-25 ecco ose soe 8 Shee as 2 {efe|| Ext Soe | ees) Seb Seis oh ie oe eee 35 
MECEMUDETLO A 2 secon. Secsinannce nl ame Molloerccex 72 eae (jel eee 2, 16 | Sj eee 29 
Wecem per l9s 22. 2 sees Seca sec sss leesisecheees a Baleoeen eee ase 5 eee [eee rece | 2, | 0) 5 
December 24......-.-- Shere Sel hone. 19] Wl fas 5 eee Po 51 
| | 
1907. | | | 
GTIUALY? ema seta nseae eee esos | OSes |e one (08 ie iE tk Oa een ha™ |SEe ae 0) 0 0 
AG NIUD Etna 1c. be a cere a 3 7 ae | Rules DS Na ORE eteace | eases eae 14 
CEA ORD: Y ra) Leen eee es ne ee 6/ 10 12 | 6 12 4 2: 12 5 2 71 
Mebrulanye4 oe ewe ee ewe ewes 9 | 8}. 9 2 10 1 | 2 14 11 1 67 
IRGDIIany She moses Sean 2 Se 6 2 7 | 8 4 ait) 0 12 11 0 51 
WG DIMER Vit Oiersje eee a ite oc scicrs 9 ail 4 5 11 5 O} | eeen. asters | ote 45 
YH ee 44| 55] 37/ 59| 54| 13| 11] 60 | 32 3 | b368 
| | 


a This total represents 3.6 per cent of all the weevils put in the cage. 
+ This total represents 1.7 per cent of all the weevils put in the cage. 


In the section of the table containing the records for Dallas the 
large number of weevils found dead in section 6 on January 24, 1907, 
may be explained by the statement that no previous collection of 
dead weevils had been made in this section. All but 50 of the wee- 
vils found were upon cheesecloth stretched horizontally across the 
section above the ground. The full number is included merely to 
indicate the proportion of weevils which probably fall to the ground 
upon dying. In this section less than 20 per cent remained upon 
the screen, and it is reasonable to suppose that a similar proportion 
may have existed in other sections. The percentage of mortality in 
each place is much smaller than the percentage of living weevils. 
Upon the charts shown in figures 3 to 5 the number of dead collected 
is indicated by a broken line extending beyond the line representing 
the number of living weevils. 

90317—Bull. 77—09——5 


. 


66 HIBERNATION OF THE COTTON BOLL WEEVIL. 


ACTIVITY AS SHOWN BY DEVELOPMENT DURING NORMAL HIBERNATION 
PERIOD. 


Under the heading “Stages entering hibernation” the principal 
data bearing upon developmental activity during the winter have 
been given. (See pp. 13 and 14.) Additional data have also been 
given in connection with ‘Shelter during hibernation.”” (See Table 
VII, p. 26; also Table IX, p. 28.) To these records for seasons pre- 
ceding 1906-7 may be added the results of an experiment in collec- 
tion of infested squares during this season. On November 23, 1906, 
Mr. J. D. Mitchell collected 100 fallen squares which were supposed 
to be infested. These were placed in the small cage under shelter 
and out of the reach of sunshine. On February 10, 1907, he found 
that 45 squares showed weevil emergence hulls, and the full number 
of adults was found; however, all were dead at that time. An exam- 
ination of the remainder of the squares revealed but one dead larva. 
The others, apparently, had contained no weevil stages. [Exception- 
ally warm weather had prevailed during December and January, as 
has been shown in figure 5. This had enabled the weevils to com- 
plete their development and emerge, but all had starved to death in 
the absence of any food supply. 

Some very interesting facts are also brought out by a closer study 
of the records in connection with section 10 of each cage. As has 
been shown, the experiment in these sections consisted of the collec- 
tion of large numbers of unopened bolls probably infested. Several 
of the bolls were buried under 2 inches of dirt and the remainder 
were exposed upon the surface of the ground (PI. X, fig. 1). No 
partition was inserted to separate the weevils emerging from these 
two lots of bolls, but in the case of section 10 at Dallas the first lot 
of bolls was buried and a considerable period elapsed before the bal- 
ance of the bolls, which were left upon the surface, was placed in 
the cage. It was estimated that 3,000 bolls were buried at a uniform 
depth of 2 inches under cover of heavy black soil. An examination 
of 100 bolls showed 8 recently transformed but unemerged adults in 
the bolls and 8 adults which had emerged were hibernating within 
the protection afforded by the bolls. On this basis it appears that 
about 480 weevils were buried in this lot of 3,000 bolls, half of them 
being unemerged adults and half hibernating adults. No other mate- 
rial was placed within this section, so that all weevils which were 
subsequently found upon the screen must necessarily have found 
their way through the 2 inches of soil under which the bolls were 
buried. Counts made before the bolls to be placed on the surface 
were put into the cage showed that 65 weevils at least had escaped 
from the bolls to the screen forming the cage. This shows that fully 
13.5 per cent of all the weevils buried, emerged and unemerged, had 
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succeeded in escaping. Undoubtedly part of these had left their 
cells in the bolls after they were buried, as it is very likely that the 
burial of the bolls in moist soil may soften the hulls so as to enable 
the weevils to escape through them as readily as though they remained 
dry upon the surface of the ground. 


ACTIVITY IN THE FIELD DURING NORMAL HIBERNATION PERIOD. 


For a number of years it has been known that, in southern Texas 
especially, weevils may frequently be found moving actively in the 
field during the winter, but the observations made during the season 
of 1906-7 extended the range of such occasional activity even in 
northern Texas. 


TaBLE XXXIII.—Outdoor activity of weevils during winter of 1906-7. 


Sprout 
reas ata | Weevils plants eee, 
Locality. Date. | Root | eee Remarks. 
ined. 
| 1907. 
Dallas. exes -<see a oe Jan. 1 | ls Parenter eer Found on awning rope. 
DG2 soos ee eee Jan. il i Ll SS ees os Found on window screen; temperature 74° F. 
DX sree ee See oie eae | Feb. 12 ll eee ....| Found on outside of hibernating cage; tempera- 
ture 75° F. 
College Station, Tex....| Feb. 22 | UE nee Bee Do. 
OBS seen ere | Jan. 17 Di, eae ee Feeding on sprout cotton. 
| 
1906. | 
Wicboriay Rex. s2s.s- << | Dec. 29 al oe ee When given sprouts, all were feeding in 80 min- 
| | | utes; temperature 82° FP. 
DO eee arene eens (ore | Cie eee ee | When given sprouts, all were feeding in 45 min- 
| | utes; temperature 82° F. 
1907. | 
1) eae sorceress | Jan. 8 9 (2) | Mean temperature, January 1-8,=67.76° F. 
lO ne ere | Jan. 9 20 (b) On black land. 
DOR ye cneen ene. Jan. 12 7 6 
WOR aise ees Jan. 16 1 50 | 10 weevils in bolls on the same plant. 
TD) Oe 2 oe PRAGUE re 2 30 | 
WOGwee se. See Jan. 17 4 8 
IDO A See eee ee Jan. 18 1 17 
1D Xo) Ag ate see Feb. 14 1 25 | Upland sprouts not killed as in bottoms. 
ID Ye) Se ee nee Feb. 21 3 50 | Very dry for sprout growth. 


« Record not kept, though plants were examined. 
> Sprout cotton on six farms examined. 

From the Victoria records it appears that between January 8 and 
February 21, at a time when weevils should normally have been in 
complete hibernation, 48 adults were found feeding on about 200 
sprout plants. This record is unique for the United States, and a 
similar activity in the field may not be duplicated except under very 
rare conditions. 


EMERGENCE FROM HIBERNATION, 1907. 

As is plainly shown by figures 3 to 5, the actual period of general 
emergence from hibernation began in each locality about February 20. 
As has been previously stated, the actual date of the beginning of 
emergence can not be positively given. It can be better expressed 
as a period of “beginning emergence,” and for this reason this period 
seems to lie between February 20 and March 1. Owing to the excep- 
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tional earliness of the season preparations for the regular observations 
upon emergence from hibernation were not sufficiently complete for 
beginning the work until March 1 and in each locality this date may 
very reasonably be considered as the beginning of the emergence 
period. 

Previous experience having demonstrated the necessity of keeping 
the records upon this work according to a uniform system in each 
locality, the preparations were much more elaborately made than for 
any previous work. Comprehensive forms upon which the records 
might. be entered with a minimum of labor were prepared covering 
five distinct divisions of the work: (1) Meteorological record; this 
record covered maximum and minimum temperatures, atmospheric 
humidity, rainfall, sunshine or cloudiness, and winter conditions. 
(2) Emergence record; this record showed the emergence in each 
section for each date. The records for one week were placed upon a 
card so that the totals for emergence for each day, and also for each 
section for each week, could be very readily ascertained. (3) Section 
record; this covered in more detail the emergence in each section 
and indicated the sex of emerging weevils and what disposition was 
made of them, in such a way that their records could be followed until 
the time of death. (4) Longevity records for fed weevils. (5) Lon- 
gevity records for unfed weevils. 

This systematization of the record work has proved an invaluable 
help in compiling the results of this extensive series of observations. 
The general facts regarding the relationship existing between climatic 
conditions and weevil emergence are indicated graphically in figures 
6 to 8. The most important conclusions upon special points can only 
be shown by special arrangements of the data in each case. These 
tables have been made as concise as seems possible. Practically each 
line in the tables expresses only the summary of a large number of 
compiled records. The magnitude of the work involved in the com- 
pletion of such data can be appreciated only by one who has under- 
taken a similar task.* 


RELATIONSHIP OF EMERGENCE FROM HIBERNATION TO CLIMATIC CON- 
DITIONS. 


Figures 6 to 8 have been prepared in the same form as figures 3 to 
5, since they express a continuation of similar facts. 

In former reports,’ dealing especially with the life history of the 
boll weevil, it was stated that emergence began about the time 
hie the mean temperature rose above 60° F. The more complete 


a The senior author desires to express particular appreciation e the great amount of 
detail work which has been done by the junior author (Mr. W. W. Yothers) in the prep- 
aration of the summaries covering this work. 

bU.S. Dept. Agr., Bur. Ent., Buls. 45 and 51. 
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records now at hand indicate that emergence may take place when- 
ever the mean average temperature exceeds 55° F. It is certain 
that weevils may be active at a temperature considerably lower 
than this, but the records do not indicate that there is a general 
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emergence from hibernation at a lower temperature. After having 
left their winter quarters, weevils may continue active at considerably 
lower temperatures than are required to draw them out from their 
shelter. This statement may, in part at least, explain the continued 
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activity of weevils during the winter of 1906—7 and the early beginning 
for the period of emergence for that season. 
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Fic. 7—Chart showing mean average temperature, rainfall, and weevil emergence, Calvert, Tex., March to June, 1907. 
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A comparison of figures 6, 7, and 8 indicates that the period of great- 
est emergence in each locality occurred during March, 1907. The 
abnormal nature of temperature conditions is shown by the fact that 
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at Dallas the mean average temperature for the month was over 11 
degrees above the normal. At Calvert the departure was about the 
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same, and at Victoria it was but slightly less than 10 degrees above 
normal. Such high temperatures do not often occur before the latter 
part of April and the 1st of May. The temperature for April was 


72 HIBERNATION OF THE COTTON BOLL WEEVIL. 

unusually unfavorable, but in all sections it ranged from 3 to 5 
degrees below the normal. This decrease was not, however, sufficient 
to check the emergence of weevils, although undoubtedly it served to 
extend the period of emergence in an unusual degree. The abnormal 
nature of the temperature conditions for the spring of 1907 may be 
understood from a comparison of the mean monthly temperatures for 
these four months in each case. The normal is determined by the 
Weather Bureau records from an average of the mean monthly tem- 
peratures for the entire period during which records are available. 
The departure of each season, therefore, affects the normal for the 
following season. 

The general impression in regard to the exceptionally high tem- 
perature experienced during the winter of 1906-7 is confirmed by a 
comparison with the average records for a number of seasons. Tem- 
perature alone need be considered in making this comparison, although 
rainfall has an important direct effect upon temperature conditions. 
For the following comparison the records given by the United States 
Weather Bureau are used. As there is no report for Calvert the 
average of two points about equally distant on opposite sides of that 
place is used. 


TasL—E XXXIV.— Mean monthly temperatures and departures from normal at Dallas, 
Calvert, and Victoria, Tex., November, 1906, to February, 1907. 


November. December. January. | February. 
Locality. i ] 
Monthly | Depar- | Monthly | Depar- | Monthly | Depar- | Monthly | Depar- 
mean. ture. mean. ture. mean. ture. mean, ture. 
7 —_ | 
Wallasos eee sseeece 54.3 —0.6 | 51.6 +3.8 53. 4 +8.5 | 51.2 +6.6 
@alverte cesarean | 59. 1 + .1 56.8 +4.1 59.8 +9.6 | 54.8 +2.8 
VIGLOERI ee =pta oe ee 62.9 —1.8 59.2 +1.4 63. 4 +9.8 | 60. 2 +6.2 


It will be noted that the departure from normal during November 
was very slight. The temperature conditions, therefore, during the 
usual period of entrance into hibernation were practically normal, the 
rise occurring during December and January, especially when weevils 
should normally have been in complete hibernation. Table XXXV 
continues the same study throughout the period of emergence from 
hibernation. 


Taste XXXV.—Mean average temperatures and departures from normal at Dallas, 
Calvert, and Victoria, Tex., March to June, 1907. 


March. April. May. June. 
Locality. : ay = : | - 
Monthly | Depar- | Monthly | Depar- | Monthly | Depai- | Monthly | Depar- 
mean, ture. mean. ture. mean. ture. mean. ture. 
Be ke ay DP Oe 5 Oe ba oo oF. eels a si 
Dallas: sa aeanse eee 66.7 +11.1 61.4 —4.2 65.8 —7.7 78.8 -1.9 
Calveriecmesaoeereee 70.0 + 9.2 62. 2 —5.9 66.6 —7.3 76.6 —4.4 
IGLOULA eo a= eee 72. 4 + 9.7 69.4 —3.3 73.0 —5.0 81.6 — .6 
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The unprecedented emergence during March is very easily explained 
by the remarkable temperature conditions during that month. In 
spite of the fact that emergence began earlier than had ever been 
known previously, it continued later also because of the exceptionally 
low temperatures prevailing during April, May, and June. A com- 
parison of figures 1 and 2 with figures 6 to 8 is interesting and shows 
how strikingly the nature of the emergence movement may vary in 
respect to difference in climatic conditions. The careful examina- 
tions made to discover the termination of the emergence period were 
continued for fully two weeks after the last weevil was found. It 
seems impossible to explain the long-delayed emergence of some 
individuals. The lack of an explanation, however, does not alter the 
fact that emergence is probably not generally complete until after the 
middle of June. 


TaBLA XXXVI.—General summary of experiments of 1906-7 on emergence from 
hibernation. 


| 
Number of 
weevils— 
SS Number Parcante 
Tecalite Used as | ° ee age 
se vy basis for as, emer- 
Putin | percent- ne ging. 
cages. age of ing 
emer- 
gence.a 
Da aSa Re caer y even eee ae = oe ae nen eee. ss wae ae 32, 439 30, 864 3, 464 122 
Wahvenie exes cess Sete ee ee ee he Sab he Ene tne eee eee 20, 430 19, 408 1, 842 9.49 
WAG TO LIC ah Xe eee oe ae We Oe eek ete cere | 23, 645 22, 463 b 3,026 13. 47 
Motaland averate. oe ose seesacsn cece ican. cesses. se auue. 76,514 | 72,735 8, 332 | 11.45 


aBasis for computing the percentage of emergence is 5 per cent less than the number of weevils put in 
cages owing to the escape of some weevils through the meshes of the wire. 
b Two weevils not in summary. 

A deduction of 5 per cent from the number of weevils placed in the 
hibernation experiments is made to furnish a more correct basis for 
determining percentages, on account of the fact that experiments 
have shown that about 5 per cent of a miscellaneous collection of 
weevils may be able to escape through 14-mesh wire (PI. VI, fig. 1), 
such as was used in the construction of these cages. The percentage 
of survival is strikingly similar in each locality. The average sur- 
viving hibernation—approximately 11 per cent—is probably the 
highest that has ever occurred since the weevil entered Texas. 
Although observations have indicated that occasionally the per- 
centage of survival may be as high as this in the field, it is fortunate 
for the cotton planter that such is very rarely the case. 
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EFFECT OF TIME OF ENTERING HIBERNATION AND NATURE OF SHELTER 
UPON THE PERCENTAGE OF SURVIVAL. 


One of the most important points upon which information was 
sought throughout these experiments was the effect of time of enter- 
ing hibernation and nature of shelter upon the percentage of survival. 
The first confinement of weevils in the fall occurred fully a month 
earlier than the beginning of similar experiments the previous year, 
and it was expected that the intervals between their confinement in 
the cage and the time for successful hibernation might be sufficient to 
plainly reduce the proportion of weevils surviving. 

TaBLE XX XVII.—Chronological arrangement of sectional records showing relative 
survival at Dallas, Calvert, and Victoria, Tex., 1906-7 
DALLAS. 


Sec- Date of Basis . 
: ; aay Total Percent- | Rank of 
Riess Hee Character of shelter and food. be ee er | weevils age of | section in 
Soeieeae | Gor gence. esi tie. emerged. | survival. | survival. 
| 
1906. 1907. 
Oct. 13 1 | Leaves and hay, 4 inches deep, cot- | 
tonrstalks leita: 2aeeene see eer | May 21 3,800 99 2.61 12 
Oct. 16 4 | Leaves and hay; stalks cut and left 
| ie LOU C ey S(O = eee ee | May 6 2,090 85 4.07 11 
Oct. 20 2 | Leaves and grass 4-5 inches deep; 
NO MOOGhy ss (oo Sea es ee May 19 3,610 226 6. 26 7 
Oct. 24 7 | Spanish moss and chips;¢ cut food. .| June 17 3,325 231 6.95 6 
Oct. 30 8 | Leaves and grass 2-3 inches deep; | 
M10 1000 GF Meee ne net eee ee June 15 2,850 250 8. 85 5 
Nov. 5 5 | Leaves and grass 9-10 inches deep; 
stalks cut and lefte............... May 15 3,135 383 12. 22 4 
Nov. 12 3 | Leaves and grass: no food / .......- | May 21 3,040 448 14. 74 3 
Nov. 13 9 | Leaves 8-10 inches deep; green cot- | 
tomcont and leltige S22 =e | June 19 3,040 788 25. 92 2 
Nov. 15 11 | Leaves 3-4 inches deep: stalks left 
SLANG In Stee see ee June 4 2,565 804 31.34 1 
Nov. 21 1p) ee GO 222 Susi Sod Pee ee ee | June 8 1,570 65 h4.14 10 
Nov. 28 6 pote ground; no food.............-. Apr. 29 975 46 4.72 8 
: , |{Bollst on surface fj ......-..-.--.-.. latay « 2s 
Dec. 6] 10 (Bolle! Pade ee ee a \May 2 864 39 4.51 9 
Dotalandaveragees esos see eee nes 30, 864 3,464 T220\ joe eee 
CALVERT. 
Oct 137] 1 | Food, two days; grass and leaves 
4-5 inches deep................--- June 12 2,375 75 3.15 7 
Oct. 19 4 | Grass and leaves 4-5 inches deep....| May 30) 2,375 116 4. 88 5 
Oct. 25 7 | Spanish moss; chips...............- July 1) 2,375 105 4. 42 6 
Oct. 31 8 | Food two days; grass and leaves 4-5 | 
inches! despiueecee ee ee May 30 2,375 63 2. 65 8 
Nov. 5 | 5 | Food dry; grass and leaves 4-5 
inches deep be ee ee eee Apr. 26 25050 45 1. 89 9 
Nov. 12 9 | Food cut down, left dry; 10 inches 
PASS and WeaveSse meses osee eons June 12 2,375 438 18. 44 3 
Nov. 14 3 | Stalks cut down, left dry; 2 inches 
| grass and leaves..................| May 31 | 25000 253 10. 65 4 
Nov. 25 | 6 | Field protection or bare; some grass.| May 16 1,425 359 25.19 2 
Nov. 26 | 2 | No food; leaves and hay............ | June 12 1,358 380 27.98 1 
Dec. 3 LS E01 Steer ce eee See es Mar. 24 | (k) 8) | Jee ees 10 
Total and average...........- | oe ae ae 19,408 1,842 9)49)1/S sale ae 


aSee Pl. VII, fig. 2. 
b See Pl. VII, fig. 3 
cSee Pl. VIII, figs. 1, 2 
d See Pl. IX, fig. 1 
eSee P1. IX, fig. 2 
i See PI. IX, fig. 3 
9See Pl. X, fig. 2. 
h' The weevils put in on November 21 were brought from Brownsville, Tex. The low percentage of 
survival doubtless resulted from their weakened condition, owing to insuflic ient food during transportation. 
¢ Bolls presumably infested. 
jSee Pl. X, fig. 1. 
i No estimate made. 
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HANGING MOSS AS AFFECTING HIBERNATION AND EMERGENCE. 


Fig. 1.—Section 7, with hanging moss in top of cage. Fig. 2.—Same section, ground conditions, 
started October 24, 1906; 6.95 per cent surviving; emergence ceased June 17, 1907. (Original.) 


Bul. 77, Bureau of Entomology, U. S. Dept. of Agriculture PLATE IX. 


SHELTER CONDITIONS PRODUCING AVERAGE SURVIVAL AT DALLAS, TEX. 


Fig. 1.—Section 8, started October 30, 1906; emergence ceased June 15, 1907; survival, 8.85 per 
cent. Fig. 2.—Section 5, started November 5, 1906; emergence ceased May 15, 1907; survival, 
12.22 per cent. Fig. 8.—Section 8, started November 12, 1906; emergence ceased May 21, 1907; 
survival, 14.74 per cent. (Original.) 
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EXCEPTIONALLY FAVORABLE CONDITIONS AND BOLL EXPERIMENT. 


Fig. 1.—Section 10, a, bolls exposed on surface; b, corner where bolls were buried 2 inches 
deep, started December 6, 1906; emergence ceased May 2, 1907; survival, 4.51 per cent. Fig. 2.— 
Section 9, stalks left, started November 13, 1906; emergence ceased June 19, 1907; survival, 25.92 
percent. (Original.) 


EMERGENCE FROM HIBERNATION, 1907. 165) 


TaBLE XXXVII.—Chronological arrangement of sectional records showing relative sur- 
vival at Dallas, Calvert, and Victoria, Tex., 1906-7—Continued. 


VICTORIA. 
See- Date of Basis P Snes ee 
When | tion Charmcienane! ; last number | Ea ee ee of 
Per reTaltnene varacter of shelter and food. are ar weevils age of | se ction in 
= Ben | gence a7aeenile emerged. | survival. | survival. 
1906. | 1907. 
Oct. 25 1 | Weeds and grass 5inches; stalks left. May 11 PAN 201 8.46 i 
DOS 4 | Weeds and grass 5 inches; stalks 
TOMOVECs tess oe 2 ee eee once Sele May 15 2,375 105 4, 42 9 
Oct. 28 2 | Weeds and grass 4-5 inches; stalks | 
CUGeleri ee Pa eee 2 ee ee May 11 2535: 134 5. 61 8 
Nov. 6 7 | Moss, bark, chips, ete.; no food.--.- June 15 2,850 674 23. 65 1 
Nov. 10 8 | Grass and weeds 5 inches; stalks | 
TOTNO VEO Renae eee sane ee oe eee | May 6 2,850 362 12. 70 6 
Nov. 14 5 | Stalks pulled, left; grass and weeds | 
binches2. 2.2. Ai Petco eee eee | Apr. 28 2,850 449 15. 86 3 
Nov. 21 9 | Grass and weeds 10 inches; stalks | 
pulled and left........--.....-...- | May 23 2,850 374 13. 19 4 
1D Yo Al| 3 | Weeds and grass 2 inches; stalks | 
pulledtandsWletioeecs 2 52 eee enieniicns do..2.2 2,850 588 20. 63 2 
Nov. 28 6 | Ground bare; no food...........-.- | May 11 1,088 139 12.78 5 
Nov. 29 MOP: etkes OL See epee eee ein ie area ae | Mar. 4 (@) |e See | 10 
Total and average............|....-.---. 22,463 3,028 VSeA Fy | Seas eee ee 
| 


a Three bushels of bolls on the surface, and 3 bushels covered with 2 inches of earth. 


The results of this work are exceptionally striking in the case of the 
Dallas record. The Calvert record ranges between that of Dallas and 
Victoria in regard to the clearness with which comparative effects are 
shown. In each case there is, however, a general tendency toward 
more successful hibernation as the season advances after the middle of 
October until the time when frosts occur. In the case of the Dallas 
records there occurred an almost uninterrupted increase in percentage 
of survival with each date upon which experiments were started. 
The apparent exceptions are readily explainable by other facts than 
the time of starting the experiment. Section 12, which ranged sixth, 
received weevils collected at Brownsville, Tex., which made it neces- 
sary to ship for a long distance. During this shipment their food 
supply became poor, and the weevils were undoubtedly much weaker 
upon being placed in the cage than were those which had been col- 
lected in the immediate vicinity of Dallas. Section 6 was not provided 
with any shelter for the weevils, and the percentage of survival was 
smaller on that account than in other sections started at about the 
same date. Section 10, which ranged ninth, received only infested 
bolls, upon and within which weevils were hibernating. From 
October 13 to November 15, under approximately similar conditions, 
the percentage of survival increased from 2.61 to 31.34. (See Pl. 
VII, figs. 2,3.) A more forceful argument than this for the destruc- 
tion of the food supply as early in the fall as is possible could hardly 
be given. 

A combination of the records for those localities at which experi- 
ments were started upon the same or approximate dates, grouping 
them so that the chronological sequence is most clearly shown, adds 
additional emphasis to the statements which have just been made. 
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Taste XXXVIII.—Comparison of sectional records grouped by approximate initial 


dates. 
Basis . , Rank in 
tondt Total | Percent- 
Date. Locality. asad Gen eT | number age of peta 
weevils, | €™erged. | survival. | . vival, 
1906. 
OGtie13: |Dallas= 2.3. .c tas 2 Seemann ae eae eee 1 3, 800 99 2:61} 
DOcr ae SCOLVer Cocks oe te eet eee ee ane eee 1 2.30 75 3.15 | 8 
OCTRELGE Pi allage se. Saee s s eee 8 ee eee 4 2,090 85 4.07 | 
Totaland average.............--..2-|....----<. 8, 265 259 3.15 
@ct. 104! Calvert.ceec-2-sseeee 4.2 0e eee eee ee 4| 2,375 116 4.88 
Oct; a00il| Wallascs. |. shee ocean oe 2| 3,610 2245 6.26 \ 7 
Total and average..........---------|...-.----. | 5,985 342 | 5.71 
Oot.” 241 Dallas. 2.03: eee eee ; 7 3, 325 231 6.95 
OG 20 | Oa) Verine = fae eee aoe aa te ee 7 2,375 105 4. 42 5 
Ose 4) SVAICLOUM Ac see: mele. eee 1 2,375 201 8. 46 
Domea|taa os OO eee ce ae Leos es 4) 2,375 105 4. 42 
Total andiaverages.s2.2--- sees ereels este 10, 450 642 6.15 
Oct. 228.) Victories. ge Aue eee eee ’ 2/ 2,389 134 5.61 
Oct. 200 | Dallas eee eee ee ee ee eee 8 2, 850 250 8. 85 6 
Oct. 131° |" Calwertssec. osme. va: eke eeree ete epee 8 2,375 63 2.65 
| 
RG ta ATT Cea VST PC he eee ere | ree | 7,614 447 5. 87 
Novest rll Dallassa. ance ase ee ee i 5| 3,135 383 12, 22 | 
Oe. 2 |) CALV ChE see) see mek eee © See eee 5 | 2310 45 1. 89 | 4 
IN Oe 163) ViCtOTlas 2a eee oo ee ee eee 7 2, 850 674 23. 65 | 
Totaliand average: 2252s oe eee | 8, 360 1, 102 13.18 
Nove s103| MiCtorias: 252s. hoe nee ee eee 8 2, 850 362 12270 
INOWe 28D alaS Sa eecteee oe oe See one oe eee 3 3,040 448 14.74 | 
Woon lds |i@alvertiessen esis ee eee a ec 9 PES Ga) 438 18. 44 | 9 
NOVey 138 PD alas: =a ses eee See ae eee ee 9 3, 040 788 25. 92 
INOVie. 14 | VIG TOTO See. = tele cee t cep ee cane ae oe tceeies fs 2, 850 449 15. 86 
INOVe2. Loe] DD allaste es oS 2 Soe eee eee as 11 2, 565 804 31.34 
TotalandiaveragGse-= ees 225" eae enlee ee | 16,720 3, 289 19. 67 
Noy. oi alias. | Mates en eee ee Meee } 12| 1,570 | 65; 24.14 | 
1D a ely AVAL CL FO) db ee ae et 8 Sere 0 See We, Ses 9 2, 836 374 13.19 A) 
Dopsse(-= ee Oe .otereyeisiae oe Sreterdics pid aistuisthak ois Pe ete 3 2, 850 588 | 20. 63 
Total and average...............----]...--.---- 7, 256 1,027 | 614.15 
Nowe) dR @aliviertes: 26 eeee == aes eee ee ees 6 1, 425 359 | 25.19 
Nov. 26 |._.-. Ot aS BR ere le Hie ecto eee Some 2 1,358 380 27.98 1 
INOW 8 ll DES eye ete ete nein eee ee 6 975 46 c 4.72 
DO eee || MICCOLL A aac oe eee see eee ae 6 1, O88 139 c 12.78 
Total and average........-.......-..|.....-..-- 4, 846 924 | d 19.07 


a Brownsville, Tex., weevils. 
: Ey RIA ocean ae weevils, 16.91 per cent. 
d Average without Dallas cage, 22.7 per cent. 

In this table it may be seen that, taking all localities together, 
whenever experiments were started upon approximately the same 
date there is a most striking increase in successful survival at inter- 
vals between the middle of October and the middle of November. 
This table may be safely considered as representing in the most 
general way possible the facts in regard to this point. An interval of 
about eleven days between October 14 and 25 practically doubled the 
percentage of weevils surviving. Again, in an interval of about ten 
days between October 25 and November 5 the percentage was again 
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doubled, and an increase of 50 per cent was observable between 
November 5 and 14. After November 14 hibernation might have 
been successful for practically the maximum possible proportion of 
weevils. The relation of these figures may be most simply expressed 
in the following manner: Under similar conditions of shelter, but 
without a food supply, if the survival of weevils in Texas for October 
15 is one, for October 25 it will be two; for November 5, four; and for 
November 15, six. These figures make it evident that from October 
15 to November 15 constitutes the strategic period for attack upon the 
boll weevil. The attack can be made in two ways: (1) By the destruc- 
tion or removal of the conditions favorable for the shelter of the 
weevil through the winter; (2) by the destruction of the food supply. 
These conclusions have frequently been stated and are here repeated 
because the facts here presented prove more conclusively than have 
any other data heretofore obtained the unquestionable importance 
of fall work in combating the boll weevil. The benefit, obviously, 
will always be realized during the following season by a much smaller 
injury to the crop. Considerations, both of minimum expense and 
of maximum effectiveness, emphasize this conclusion. 


SURVIVAL OF WEEVILS BY LOCALITIES AND CAGE SECTIONS. 


In practically all of the sections it may be considered that the 
emergence period began during the last few days of February and 
the first few days of March, March 1 being, approximately, the 
average date in each case. In the following table the summaries of 
the sectional records in each locality are given, together with the data 
necessary to show the maximum length of the hibernation period and 
the percentage of survival in each section: 


TABLE XXXIX.— Maximum hibernation period and percentage of survival by sections, 
1906. 


DALLAS. 


| ] 
Number 
; | Date of 
The raavile | Used as a Total — Percent- 
Section number. ie vee basis of ae weevils age of 
. a Pade pte percent- gence emerged. survival. 
age. . | 
1906. 1907. 
NS rene Creee cana aeae eee = cies ae ete | Oct. 13 4, 000 3,800 | May 21 99 2.61 
ERs, Biot = Ree OP Con ee Sn eR ee | Oct. 20 3, 800 3,610 | May 19 226 6. 26 
Ry Rea et See eae eee ee ae Nov. 12 3, 200 3,040 | May 21 448 14. 74 
ee a Se apne swle «aon Ca nee ee Rulnt vaneee | Oct. 16 2, 200 2,090 | May 6 85 4. 07 
es cf a a Ae ese Nov. 5 3, 300 3,135 | May 15 383 12.:22 
eres 2 sie sb ose ie e cie mat BS as Edin Sie Same Nov. 28 1,025 975 | Apr. 29 46 4.72 
ffeprere be cree ears Nitsa n mss Mey ach ayn east Bean Oct. 24 3, 500 3,325 | June 17 231 6.95 
ts He te ae en eee eae Oct. 30 3, 000 2,850 | June 15 250 | 8.85 
OD epeifajaraia aah a) Spatesia; tafe ats) ajatatereds ss sieves Biieahe oe 2 | Nov. 13 3, 200 3,040 | June 19 788 25. 92 
HL OMSONOEAS 5. 2 ree hee ne hss Ate | Dec: 6 864 864} May 2 39 4.51 
OE ee ase aren he oe ah ke een Nov. 15 2, 700 2,565 | June 4 804 31. 34 
Seite Sic Re eh Me Miaka ean Le acrs Seek Nov. 21 1,650 1,570 | June 8 65 4.14 
Total and averaee.2o..2...cc occ. cs an|eccs-ocn ae 32, 439 SOLS Ha eee... | 3, 464 | 11.22 
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TaBLeE XXXIX.— Maximum hibernation period and percentage of survival by sections, 
1906—Continued., 


CALVERT. 
Number | 
Date of 
The: roavile | used as ae | Total | Percent- 
Section number. : Ww i 9 we Vils | jasis of he | weevils age of 
installed.| started. : emer- 5° 
percent- sonie | emerged. | survival. 
age. gence. | 
1906. 1907. 
lj eae eec saci OE Ga ee eee ee WOCts 3: 2, 500 2,375 | June 12 | 75 Seats) 
PAD aA aE eine cere nas, Ay SS ROE. aa. | Nov. 26 1, 4380 15308) |..5 002s! 380 27. 98 
FEE pe eee oh Bran eters 3s ents nee eee Nov. 14 2, 500 2,375 | May 31 253, 10. 65 
Be es de ial Ao Bike GE Se ae eee Sos OCteLo. 2,500 2,375 | May 30 116 4.88 
1 RRR at a SNE eee REN See opt ee Nov. 5 2, 500 2,375 | Apr. 26 45 1.89 
Boson go aki end At hee eee eS ee Nov. 25 1, 500 1,425 | May 16 359 25. 19 
(ee ee RY RAPS terety =, Praia. Bae A ne Oct. 25 2,500 | 2,375 | July 1 105 4. 42 
PS e ciee areca ca'iena myer cin tarot basa A erect ek rat che Re Bas Oct. 31 2, 500 2,375 | May 30 63 2. 65 
Qe ee ease ate Oa DSO 3 ne SN Nov. 12 2, 500 2,375 | June 12 438 18. 44 
1) 5 eer ee a Ae we CM aa 2 CUR MEN. Pht Dee. 3 Bolls. (@) Mar. 24 Ie Eerie 
Total and average................-.-].....-..-- 20, 430 195408: |e. c2 arcane 1, 842 9. 49 
VICTORIA. 
Le cot asa Snes tee eee Se eas Oct 25 2,500 | 2,375 | May 11 201 8. 46 
SON Ns StS cy Me, 2 2 rare ec se Ee ee ee Oct. 28 2,515 Paantet? fll eee ao Le eesepy 134 5. 61 
(ES te ne As eae ete Bee Sc 8 Nov. 21 3, 000 2,850 | May 23 588 20. 63. 
e Seoek san ctacana ao itesha tales. haere © ete ot Oct. 25 2,500 | 2,375 | May 15 105 4. 42 
De es, 5 ee Aes te dan ates oe ee ee ee Nov. 14 3, 000 2,850 | Apr. 28 449 15. 86 
Gokec ia kieseee oats see ee eee fa an Nov. 28 1,145 | 1,088 | May 11 139 12. 78 
LE he RE aa eee ey SE EYER ee I OS Nov. 6 8, 000 | 2,850 | June 15 674 23. 65 
{ea et a ee a tool RE CNA ADEN sR SS Nov. 10 3, 000 2,850 | May 6 362 12. 70 
Oe arc Fexeevar Pokaan eee Sie atatnearat Bard scene ee ee Nov. 21 2, 985 2,836 | May 23 374 13.19 
OP ices Sa SARs eM nn ee ee ee Nov. 29 (0) (6) Mar. 4 PA Presets 
Total andbaverace 22 .-.o. © aes ee | eee cere 23, 645 22 46d4|secesneeee 3, 028 13. 47 


a No estimate made. > Three bushels of bolls on surface and 3 bushels covered with earth. 


The longest period of hibernation occurred at Calvert among the 
weevils placed in section 7 on October 25, the last weevil emerging 
from this section being taken on July 1, 1907. During this period 
of over eight months this weevil survived without a particle of food. 
This may be considered as representing the maximum hibernation 
period, and in the case of an insect producing numerous generations 
during each season it is surprising that the hibernation period can 
be so greatly prolonged. 

The largest average percentage of survival occurred at Victoria, 
although the variation between the three localities was not unex- 
pectedly great. The nature of the shelter provided in each section 
has been indicated upon page 57. A comparison of the records for 
section 7 for Calvert and Dallas with those for the same section at 
Victoria shows that at the last-named place the survival was four 
times as great as in the average of Dallas and Calvert. The shelter 
provided was as closely similar in the case of this section as in any 
of the series, and the significant point of difference appears, there- 
fore, to be the time when weevils were inclosed. At Dallas and Cal- 
vert this occurred on October 24 and 25, respectively, while at 
Victoria weevils were not placed in the cage until November 6. 
Apparently, therefore, the much larger survival at Victoria was due 
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primarily to the starting of the experiment about twelve days later 
than in the other two localities. 

The significance of the time of beginning the experiments is well 
emphasized by the records for sections 2 and 6 at Calvert. These 
two sections furnished by far the highest percentages of survival at 
that place, and apparently the only fact explaining this is that the 
experiment was started in each case at the time which was most 
favorable for successful hibernation, 1. e., about November 25. This 
date was ten or twelve days later than those for sections 3 and 9, 
which present the next higher percentages of survival. An average 
of these two sections shows that among the weevils starting hiber- 
nation about November 12, 14.5 per cent survived, while among 
those starting hibernation about November 25, about 26.5 per cent 
survived. 

The records for Dallas show that the three highest percentages of 
survival occurred in sections 11, 9, and 3, which were started between 
November 12 and 15. 

In each locality the average date for the termination of emergence 
occurred between May 22 and 29. It is evident, therefore, that 
during 1906 the period of emergence from hibernation covered 
practically three months for an average of all of the sections and 
slightly more than four months for the last emerged weevils. 


MONTHLY SUMMARY OF EMERGENCE RECORDS. 


While it is important to know, approximately at least, the maxi- 
mum limit of the emergence period, it may seem more desirable to 
determine the time at which a majority of weevils surviving had 
emerged. It is more convenient in using the records to compare 
them in four-week periods rather than according to calendar months. 


Taste XL.—Emergence in 1907, by four-week periods. 


Mar. 1-28, wee- Mar. 29-Apr. 25, Apr. 26-May 23, | May 24-July 1, 
vils emerged. weevilsemerged. weevils emerged. weevilsemerged., 


|Saeeeee e ee ee : 7 , | Total 
Locality. | | | | emer- 
Per Per Per | Per gence. 
| pu cent of | eo cent of Bae cent of hire cent of 
of | total. 7 total. 7 total. i a total. 
| | 
MW FAS eciaceecoys Se <8 Ayana | 2,486 | 71.8 484 | 14.0 452 13.0 42 12 | 3, 464 
Gbiventees cee ae! | 1,053 | 57.1 410| 22.3] 284) 15.4 95 5.2| 1,842 
MIGHOLIGS © cc oie Se cee ce esis Se 2, 399 | 79.3 476 Let 119 | 3.9 32 ‘4 3, 026 
Total and average.....| 5,938 (gs | 1,370 | 16.4 855 ma es | 169 2.0 | 8, 332 
| | 


WEEKLY EMERGENCE RECORDS. 


The following table presents a summary of the daily emergence 
records for each section during seven-day periods from March 1 to the 
end of the hibernation period. These records are particularly inter- 
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esting in showing the variation occurring in emergence in the same 


section and locality during the different periods. 


Taste XLI.—Summary of emergence of weevils in cage sections by weekly periods, 


March 1 to June 20, 1907. 


DALLAS. 


Weekly period. 


Number of weevils emerged in section number— 


1. 2 BF 4. 5. 6. & 8. 9. ONO apt Fee | pets 

Marile7i.222ode-sO ate ee 40 69 155 36 151 PALL 73 79 212 1 A ere Lt 
Mar s8=14 522 ee 8 36 51 10 46 7 25 31 120 7 65 vi 
Mari l5=21i 2420 sot eee: 17 39 85 11 89 11 64 35 202 13 145 10 
Mar 29-985 22 se eceee seed 10 21 38 8 51 2 25 22 123 4 189 11 
Mar. 29-Apr. 4............- 4 20 19 3 8 1 4 15 7 if 49 4 
CADE (O- LL ees eee ee 7 13 30 7 10 3 7 10 17 i 78 1 
EAD Tas 2 LS eyetare See tee ee ik 6 12 ol 7 0) 8 5 10 0 ou 6 
AD rol 9-25 228 See eescs a eos 1 5 8 0 1 0 2 3 6 0 15 0 
iAtpro26-May Dasst see ee 5/ 10] 16 3 5 1 2] 20 8 I 27 1 
Mary 308.2 see soe re 2 3 21 3 7 0 7 14 26 0 40 6 
May il0=162.. 5-2 ns ceeee 2 2: 10 0 8 0 2; 7 29 0 58 3 
Maly N72 23 ban dees ck eee 2 2 3 0 0 0 8 3 16 0 67 2 
Mayi24=30) 22 as eee 0 0 0 0 0 0 0 3 4 0 12 1 
May 31-June 6............. 0 0 0 0 0 0 1 2 4 0 4 2 
We 7182.8 se ee 0 0 () 0 0 0 1 0 3 0 0 il 
VTLS WA =D i: Bene ee COE AE Ee | a | Spee 8 | eee | eres es | ree 2 1 3) 28 sec} se eee | eres 

ote a ene 99 | 226 | 448 82] 383 46 | 231 | 250] 788 39 | 804 65 

CALVERT. 
Mari 4-72 ae a ee eee noe 25 99, 54 23 15 136 9 iG 49 B)1| comico | eee 
Mari S14 eh eee 9 39 23 10 6 47 4 | ) 27 | A Sacazel se Pane 
MBS — 2 lis oe eee ee 9 Da eon 12 9 45 2 3 55 Di) s32:0t2siel| = /ehale ate 
MGTA2O-O8 25 eet eee ib 41 36 22 6 57 5 11 50 2) | tbc copelieee ae 
Mar. 29-Apr. 4............. 2 23 18 4 4 DP, 3] 5 47 (0 eee, eae 
ADT Ostler See ee cee 0 14 9 7 34 21 6 11 44 Ol Se aenees| Rises 
YMG 0) test DE No is ew eee Se 2 8 28 24 9 il 16 6 3 39 Onl ees |e 
ADTs LO =20 cae alates arene eae y 6 2 1 0 6 a 2 13 | (OS eee [Pee n= 
Apr: 26-May 2..-.2...2.... 2 9 9 6 1 3 5 2 21 0} \|necccs|/RSaoee 
A Nats aa eee ee ee 3 24 23 16 0 3 5 7 32 OS) So eaee eee 
ICR OK ene oe eet Ed 1 12 9 2 0 3 4 4 24 Oi Scacs| eer 
Maye ll 23) a ee eee 5 17 6 7 0 0 8 3 13 Ol |. cee eeeese 
May i24-3025 ee. eee eee 1 8 2, 2 0 0 16 3 12 0), | Sere eee 
May 31-June 6............. 0 3 1 0 0 0 16 0 10 0) |Seaect eee 
DUNG ieee ee 1 3 0 0 0 0 4 0 2: |, 0) hes | eeeee 
June 14-20................- 0 0 0 0 0 0 fal 0 0 | Qt eee eee 
JUNC 212i se soa ge eer 2 | Sayers | ae cra eee | reece |Sepee Dileeas esl oeeee |scdecallae ocean 
SUL 2S UL Vs Beye oo Semel eee | eee | || ey | lee Tees |e | edie) ee es | 
| 
otal seaeseseee- -..-.| 75] 880] 253 | 116 45 | 359 | 105 63 | 438 Silgecuee |seseee 
| 
VICTORIA. 

Repneseeee ase BO 424 |) 69g) 160) 85 20) S81 163) seo eee| eee eee 
Marl 72c8. sagenesscercees| 32 23 95 20; 80] 29 36 92 72 Di. s fot mae 
Mare 8-14 52-2. St ae eene 54 36 | 130 22) 103] 24 63) 107 76 Oy eee nel eee 
Mar di52o] ee 5 ee eee. 36 18 94 19 8s 25 | 124 72 67 0.22 6e 8 eae 
Mari 22208 Seer je coon 18 10 54 13 58 | 18] 170 26] 30 Oclseeee eee 
Mar. 29-Apr. 4....-.-....... 9 6 51 D> eel 7 | 5 19) 57 ie) 16 Ove Sas el onerene 
IY Ce U eae einen 3|/ 8| 44 0; 2) Oj] 64 8; 2 Os |e eistal eee 
Apres 1QE1SUS2 yD aac eres is 5 28 5| 7 0 47 5 25 (is aah Se 
ADE MLO -2e sees sae eee ee 1 1 9 1 6) 0 11 2 6 Ol) (Sec) Sareioe 
Apr. 26-May 2...-......... 1 0 4 1 AGO mals 1 1 ONS te Plea 
IE AG at pe ee eee See he 2 2 8 0 0 0 31 | al 4 CO egestas Vereen ere 
Mayil0=)6 25822 se. eee eee iL 1 if 2 0 il 20 0 | 0 Qs bears eee 
Ma yell] 23 sso eee eee 0 0 1 0 0 0 14 | 0 2 One seen 
May 24-30...............--- 0 0 0 0 0 0 8 0 0 Oi: See oee| Memes 
May 31-June 6............. 0 0 0 0 0 0 21 0 0 Oh | Paces = eevee 
June 7-13...... ace 0 0 0 0 0 0 2 0 0 (Un ere) ise oe 
AR val: 1K: e740 jeer epee ese eye | em eel pe eranaees Pacey || Oh oe Jovreecfeeee Dec atc|eosce ele octes| ne acc |e eeees 

Totals reece. 2 eee 201 | 1384] 588} 105] 449 | 137] 674] 362| 374 2: Ne Sores eres 
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There is no indication that the time at which an experiment was 
begun affected essentially the nature of the emergence movement. 
The nature of the shelter, however, does seem to have an important 
influence. This is most clearly marked in section 7, where the ex- 
perimental shelter was Spanish moss. At Victoria after about the 
12th of April more weevils emerged from this section than from all 
others combined. This effect was less marked in the other localities, 
but in each case there appeared to be a considerable delay in emer- 
gence, due to the nature of this shelter. Owing to the fact that this 
moss is living and growing while hanging in the cages or on the trees, 
it takes up moisture as no other class of shelter does. The evapo- 
ration of this moisture during the daytime then serves to keep the 
mass of moss cool, and it is a well-known fact that the temperature 
in bunches of this moss is several degrees lower than that of the air 
during the daytime. Undoubtedly the lower temperature in the 
moss is the factor which retards the emergence of the weevils so 
decidedly. This factor may also be considered responsible for the 
smaller activity of weevils shown in the moss sections during the 
winter. (See Table XXXI, p. 63.) 

A somewhat more detailed statement of the emergence shows more 
plainly the peculiar manner in which this was distributed during 
1907. The figures are arranged for seven-day periods, and show the 
average temperature conditions prevailing as well as the percentage 
total of emergence occurring during each week. 


Taste XLII.—Weekly swmmary of emergence records, showing relation to effective tem- 
peratures, 1907. 
Mean Percent- 
| average | Number] age of 
Date. Locality. effective jof weevils} total 
| tempera-|emerged.| emer- 
ture. gence. 
1907. Say, 
Calventy sees ee eee a ae 30.0 420 22.8 
Eb Ls BLS Somes wee ee ee 19.7 848 24.5 
MIGUOL ESS ae oe ete ese 24.7 1.0 ae cael 
Sei 481 15.9 
Calviertessmeee at seees see DH 168 9.1 
MARRS Ld seen s to We eee sae bee eo | AAAS ea ee eee Sole 21.0 413 11.9 
NiCTON AM eco eee ace 30.5 609 20.3 
GChINertioom Gs. Jeeu es Soon coe 30.5 228 12.4 
Mar G20 oe 328 ok eee aertes cele ede akon IDS RS ee toa ee rre seo 27.0 721 20.8 
lv MIG DOU See eo pyeete ees oat r 29.0 549 18.0 
i | 36.6 237 12.9 
WIE) a YS), eee a EE EES See Dal ASeese eae eek. ad | 33.0 504 14.6 
WiGUOUIDE 2 seenens2 nk Sead 32.5 397 13.1 
Caliventieiscaescnneeesic< 2 oes 23.0 128 7.0 
Mar 290A Die 4c ous aces toe hoe cten tu cenes {Palla Sete Ms cinerea 17.5 135 4.0 
WACUOL nee et me eo ce 22.8 147 4.8 
Walvertasts esse ee | 28.8 115 6.2 
Ja] 05 occa Ih Le a aed eo a ee eae Dalasiten we esc Seach shade | 24.0 194 5.6 
AViL CLOTH Ears ete oe ee Da | 31.9 165 5.4 
jCalvert pan Syl ees er ie 24.9 134 7.3 
TANG 0} ri 5 Yo a gene a DAL BY 10): Ko a ee | 20.0 ib 3.2 
|Victoria..................... 28.7 127 4.2 
is BLVGRG come ees | Li.8: | 33 1.8 
aN} 0) cof It 72 feng Ae 1BY:1 F\syeer ai enti: Seine en 3.0 44 1ee3 
| WiIGtON Ese... 8a eee 19.0 By¥/ 12 
|jealy Olifiiecnseeceste. Se seh | 24.8 58 3.1 
Apr. 26-May 2....... Se ee Ee ee Walipseec eee coe 16.3 9) 2.9 
||Victoria Ee ee ce ee | 26.3 | 26 86 


a On February 28. 


90317—Bull. 77—09——-6 


82 HIBERNATION OF THE COTTON BOLL WEEVIL. 


Taste XLIL.— Weekly summary of emergence records, showing relation to effective tem- 
peratures, 1907—Continued. 


Mean Percent- 
average | Number] age of 
Date. Locality. effective jof weevils) total 
tempera-| emerged.| emer- 
ture. gence. 
1907 oT. 
Calvert so naee eee eae 26.4 113 6.1 
BIE as i! a ere Se Th RULE ASS te. cioe eerie eevee erer ate 20.2 129 3.7 
\Victoria...............--.--- 29.3 50 1.6 
Cal Vert: ee. eee ee 31.9 59 Ore 
IM aye OF 1 Gio nce ae a et oe Ns SE Dallase eo s.2 <2 eee nese 24.0 121 aD 
| ViCtOn ieee, eee eee 322.5 26 . 86 
Calertecsen = ee eee | Bi) 54 | 3u0 
1s gil Wy (25 a Re Lea err eee eS S01?) I SS Sie cles f= edetaee eee 31.2 103 | 3.0 
|Victoria............-.-.----- 31.8 17 | 56 
Cal eri ae et eee 33.0 49 2.6 
NDS yg2423 0 Sain Ae en See nee 1230) SLL Seen nee er ee eee 2353 20 6 
\Vietoria, 21272222222 33.4 8 26 
Cal VGRts 222-2 a aceeee ease eer BOT 30 1.6 
Maryol=Jine:Gsee a seen ee sees eeeeeme ce oe DEES ee ee eee age 38. 0 13 4 
| WAG GOI) Cees ae rere reer 30.9 21 ail 
[Calvert Or) eee eee rte 43.2 10 Fit) 
JUNE Gloss seee acs cs ae Mae et ee eee eects {La aS aeoreerc yaere ciel arertoere reer 38.0 5 S15: 
| ViIG COLL 2 eee ere ee ee 40.0 2 aOR 
CalVeries sss see eee ere ee 37.4 5 .3 
SVUUTIG S20) 5 cee Ae ree aes ee ee ek SH DIGW | Lele a ee ee oe 36.0 4 ple, 
|Victoria............-.-.--.-- 36.8 | 1 | 103 
[(Galverts ea sobs. ieinteae 39. 4 1! OL 
UTC DO We ss eS oo occ en rise terest ee lS allaseesee cease eee ee ee ee ee 
1) WiGtOPiec. oo con sae ooo stereo eel eo ee 
Total emergence: 
GIVE A ce cask ccs eS ect beatae Re, 2 cc arc ener ee 1,842 
AUS. A has ccc oa a re earl, Sec at ene eee eee ee 3,464 
WiCtOLI. ccc <tc oe Seed hate he ed oa a A age nd Sree apo iecke rete ciao ee eee eS ee or eee 3,026 
Grand total eye xiacc cad oda 2g es tae as ra SB ete eyes = Seay arene nea pe eee 8,332 


The large percentage of total emergence occurring during the first 
week of March is very striking and unquestionably also very excep- 
tional. Only the extremely high range in temperature can explain 
this unusual record. Taking the average of the three locations, 
practically one-fourth of the total emergence occurred during the 
first week of March. During the following two weeks more than 
another one-fourth also emerged. During this period the tempera- 
tures averaged as high as they do ordinarily in May; and owing to 
the fact that a considerable majority of weevils had left shelter 
before the end of March the number emerging after that time shows 
a marked decrease. 

It must not be supposed that these statements represent anything 
like usual conditions, although they unquestionably represent the 
facts in regard to emergence in 1907. The comparison of these 
records with those for Dallas and Keatchie (see p. 44) in 1906 will 
show clearly the exceptional nature of the variation. 

It should be stated that when the emergence takes place as rapidly 
as was the case in March, 1907, the actual number of living weevils 
in the field may be expected to increase for some time because of the 
fact that a larger number of weevils is added to the total living on 
account of continued emergence than is lost on account of death 
among weevils which have previously emerged. 
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LONGEVITY OF WEEVILS AFTER EMERGENCE FROM 
HIBERNATION. 


Preceding records have shown that on the average the weevils sur- 
viving hibernation had lived for over five months before their emer- 
gence. It is impossible to determine even approximately how old 
weevils may have been at the time they were placed in the hiberna- 
tion cages. The longevity records here. shown must, therefore, be 
very conservative. They may indicate very closely the average 
length of life of weevils which survive hibernation, but should not be 
considered as showing actually the maximum longevity. It has 
seemed advisable, therefore, to base the studies upon longevity after 
emergence from hibernation, since the exact dates for emergence and 
for deaths have been carefully determined. 

As the weevils were collected daily from the cages, those found at 
each date must have emerged practically upon that date. It was 
the general practice to divide the weevils from each section of the 
cage into two lots of approximately equal numbers, one lot being 
placed in a series in which they received no food and the second lot 
being placed in a series which was supplied whatever stage of cotton 
was then available to weevils in the field where the experiments were 
being made. Thus, early in the season at Dallas, all weevils were 
necessarily placed in unfed series, since no cotton existed in the field. 
In each locality the first food consisted of the tender leaves of volun- 
teer or sprout plants. As soon as squares were formed in the field 
these were supplied to the weevils in the fed series of experiments. 

As a general rule the weevils emerging upon three consecutive 
days were placed in a cage bearing the same series designation, and 
the average date of emergence was considered as applying to the 
entire lot. This arrangement was necessary to reduce the amount of 
work required in caring for so many cages as would be needed to 
keep each day’s weevils entirely separate. 

In both the fed and unfed series frequent examinations were made 
to determine the time of death of each weevil, and fresh food was 
supplied to weevils in the fed series. Upon the death of a weevil 
its sex was determined and its period of life after emergence was also 
recorded. The manner in which sex can be positively determined is 
described in succeeding paragraphs. (See p. 91.) In this way the 
records for each lot bearing a serial number were kept by themselves 
and the results for each series are comparable with all others. While 
it would be most significant to present the records in the form of a 
summary of each series which would allow these comparisons to be 
seen, the necessity for abridging the tabular matter, so far as may be 
possible, prevents our doing so. Therefore for both the ‘“unfed” 
and for the ‘fed’? experiments we can give only the grand totals 
and averages with general statements based upon the tabular studies 
from which these figures are obtained. 
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Since the duration of life of unfed weevils was so much shorter 
than for fed weevils, the records of the former will be considered 
first. The principal object in the experiments with unfed weevils 

ras to determine the time which they might survive while waiting 
for the growth of a food supply in the spring. The results have a 
most important special bearing upon the advisability of hastening 
or deferring the time of planting of cotton, especially when considered 
in connection with the period of emergence from hibernation. The 
figures given are based upon completed records only, all partial 
records having been discarded. . 


Taste NLIITI.—Longevity of unfed weevils after emergence from hibernation, March 
to July, 1907. 


: Weevils in series lots. | Maximum life. | Average duration of life. 
Number | ‘m3, 
of series Potal — = a i ee 
Locality. x weevils 
. tested | emerged Botb 
unfed. Teed= | otal. é 2 fol ge | 2 ee 
| Days. | Days. | Days. | Days. | Days. 
25 1,085 1,079 585 494 48 26 | * 8.05 8.09 8.07 
19 yes i Wf 2,179 P5278 1,009 90 88 | 13.00 11.09 12.50 
17 1,418 1,360 875 485 | 44 40; 8.00 7.40 8.20 
Total and |, | 
average . 61 4,820 | 4,618 | 2,638 1,988 | 90 88 | 10.30 9. 80 10. 10 
| \ 


The records both for maximum and average duration of life are very 
important. In the record showing maximum and average duration 
of life for each sex in each locality the time at Dallas exceeds by 50 
per cent the time at either Calvert or Victoria. It should be stated 
that when weevils are kept in confinement it is probable that the most 
favorable conditions which can be furnished them can hardly be sup- 
posed to prolong their life beyond the normal condition in the field. 
Any unfavorable conditions in the cages will shorten the period. It 
was found in the course of the work that whenever sunshine was 
allowed to strike directly on the lantern globe breeding jars in which 
the weevils were for the most part confined, the heat and excessive 
humidity generated within the globe caused an abnormal activity 
among the weevils, and if prolonged or frequently repeated, it 
resulted in their early death. It was also found that in the breeding 
cages among the unfed weevils the degree of moisture was less than 
would normally occur on plants or at the surface of the ground in the 
field. This dryness also naturally shortens the life of weevils. In 
an experiment at Dallas series 14 was kept with plenty of moisture 
while series 15 was dry. Otherwise conditions in the two series were 
identical. The average life in the wet series was 20.3 days while in 
the dry series it was but 7.1 days. Other experiments pointed to the 
same conclusion. 
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These facts indicate that the records for Calvert and Victoria are 
probably considerably below the normal survival period for emerged 
weevils in the field, and the records for Dallas are at least conserva- 
tive. The difference in duration of life between the males and 
females was but slight, but rather uniformly in favor of the males. 
In each locality the maximum longevity was shown by males. This 
fact agrees with previous conclusions regarding the relative duration 
of life of the two sexes. Apparently copulation does not materially 
affect the longevity of either sex. In this connection it may be 
stated that unquestionable instances of mating were found among 
weevils immediately after their emergence and before there was any 
possibility of their having fed. This was of rare occurrence, and the 
question of fertility resulting was not positively determined. 

From the records it becomes evident that many emerged weevils 
may survive from six to twelve weeks without food and that the 
average survival for all weevils may be between one and two weeks. 

There is some evidence to show that it is possible for these unfed 
weevils to move rather extensively in search of food, and undoubtedly 
this is done in many instances. Other observations, however, indi- 
cate that if food is not found in the vicinity of emergence the weevils 
may become quiet for a considerable period before again seeking food, 
and in this way their movement may occur only through compara- 
tively short distances. It is also probable that when they first find 
a food supply they do not intentionally leave it in search of other 
plants which may be in a more advanced stage of growth. 

As to the proportion of each sex among the weevils surviving in 
these experiments it appears that 57 per cent were males. The maxi- 
mum longevity of any weevil was ninety days. This was a male 
which was kept under outdoor conditions from March 1, when it 
emerged, to May 30, when it died. The maximum life for a female 
was eighty-eight days. This weevil emerged April 25 and died July 
20. The average temperature under which this lot of weevils was 
kept ranged between 45 and 60 degrees and the average length of life 
for all of the 55 weevils tested in series 17 at Dallas was slightly more 
than thirty days. This emphasized the important effect of tempera- 
ture upon the period of survival without food. 

The grand total for average duration of life shows 10.1 days for 
more than 4,600 weevils. The males lived on an average one-half 
day longer than did the females. 

It would be both interesting and valuable if the records showing a 
summary of the results for each sex in each series of experiments 
could be presented in full. It is thought, however, that the corre- 
sponding records for the fed weevils have a greater value and it may 
be allowable to present in place of the full records for the unfed 
weevils merely a brief statement of the most important facts as to 
the survival of each sex. 
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The most apparent fact is that there is a consistent increase in 
duration of life without food in both sexes in a northern locality, as 
at Dallas, as compared with a southern locality, as at Victoria, while 
Calvert occupies an intermediate position both in the starvation 
period and geographically. Lower temperatures are obviously directly 
correlated to the degree of activity of the insects and thus determine 
directly the limit of endurance without food. But in no case is there 
any very marked variation between the sexes in the same locality. 

It appears that practically two-thirds of all weevils died during 
the first ten days after their emergence. One-fourth of the total num- 
ber tested lived to between eleven and twenty days. Beyond twenty 
days the percentage surviving becomes comparatively small, and 
between fifty and ninety days the percentage for each ten-day 
period is rather surprisingly uniform. It is very evident, however, 
that even in a season when the bulk of emergence may occur as 
unusually early as it did in 1907 it would be absolutely impossible 
to exterminate the weevil by any possible delay in the time of plant- 
ing cotton. 


LONGEVITY OF FED WEEVILS AFTER EMERGENCE FROM HIBER- 
NATION. 

The records indicating the longevity of weevils which were fed 
after their emergence from hibernation have been prepared in a 
similar way to show results comparable with those for unfed weevils 
which have just been given. They form the second part of the com- 
parative series of experiments to determine longevity. The condi- 
tions of food supply, while kept as favorable as was possible, could 
not at best equal the natural conditions in the field, although the 
weevils were evidently saved the trouble which they might have 
experienced in the field of finding their first food supply. The con- 
siderations which have previously been mentioned in regard to the 
effect of high temperature and excessive moisture in the jars when 
exposed to sunshine apply with fully as much force to the fed as to 
the unfed series of experiments. 


Taste XLIV.—Longevity of weevils fed after emergence from hibernation, March to 
September, 1907. 


Number of weevils in| yf.ximum life. | Average duration of life. 
Number Total series. | 
Deer of series paar ee - 7 = | ae eT te = an 
Locality. vacted weevils ; 
. ’ | emerged. | | | ; 
fed. | Total. | ree Q J Q o 2 pets 
I—— SS 
Texas: | | | 
Dallas......-. 7 | 998 901 490 | 411 130 | 108 38. 4 38. 0 38.2 
Calvert...... 26 740 | 715 363 | 352 | 92 | 118 29.2 | 30:7 30. 0 
Victoria. .... 20 1,450 1, 349 | 785 | 564 84 86 Avy al 14.2 14.7 
Total and | 
average .| 53 | 3,188 2,965 | 1,688 | 1,327 130 118 25.2 25.9 25.5 
| | 
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Only about two-thirds as many weevils were carried through in 
the fed tests as in the unfed tests. Among the total of 2,965 weevils 
55 per cent were males, while in the unfed experiments 57 per cent 
were males. The average duration of life shows but very slght 
variation between the sexes, both living between twenty-five and 
twenty-six days. This average is somewhat smaller than has pre- 
viously been obtained in similar experiments, and this is probably 
due to the greater exposure to sunshine of the cages in which the wee- 
vils were kept in this series of experiments. The average period of 
life with food was about two and one-half times that without food. 

Among the fed weevils, as among the unfed, the longest life occurred 
at Dallas. This also was a male weevil which emerged from hiberna- 
tion on May 6 and survived until September 13, or one hundred and 
thirty days. The greatest length of life for a female occurred at Cal- 
vert. This weevil emerged on April 11 and died on August 7, having 
been active one hundred and eighteen days. 

The full length of life of the last weevil dying in these experiments 
is also a matter of interest. This weevil was collected in the field at 
Dallas and placed in the hibernation cage on October 16, 1906. 
From that time until May 6, 1907, it had no food. The period from 
its collection until its death lacked but a day or two of being eleven 
months, during three-fifths of which period it existed without food. 
This is next to the longest lived boll weevil of which we have record, 
the longer record being slightly more than eleven months in the case 
of a male weevil hibernated at Victoria in 1903. 

In a study of the emergence movement and of the duration of life 
of fed weevils by ten-day periods we have used the total number of 
weevils of each sex observed in each locality as the basis upon which we 
have determined the percentage of mortality occurring in each succes- 
sive ten-day period. The full records for each locality have been 
omitted and only the totals for each sex in each locality have been 
included in Table XLV (p.88). The emergence from hibernation was 
distributed through four months, or shehtly more, in 1907. A study 
of the omitted records shows that, as a rule, the weevils living longest 
emerged at approximately the middle of the emergence movement. 
It is probable that these weevils were among those which entered 
hibernation at the most favorable period during the preceding fall 
and that they found also the most favorable class of shelter conditions 
to protect them during the winter. The importance of breaking up 
this succession of conditions, so favorable to the survival of weevils, 
their maximum length of life, and, consequently, their greatest inju- 
riousness, need only be mentioned to be appreciated. That early 
fall destruction of stalks, the cleaning up of rubbish which might 
shelter weevils most favorably during the winter, and the early 
planting and uniform planting of the crop are all logical parts or steps 
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in the rational method of fighting the boll weevil is plainly shown by 
these studies. 


Taste XLV.—Comparison of summaries for longevity of fed weevils, by ten-day periods, 
in each locality. 


MALE WEEVILS. 


Weevils dying within a period of— 


Number a ‘ alike , 
Locality. oh weavils 1-10 days. | 11-20 days. | 21-30 days. | 31-40 days. | 41-50 days. | 51-60 days. 
in series. |- 2s fae 
Num-) Per |Num-| Per |Num-| Per |Num-| Per |Num-|} Per |Num-| Per 

ber. | cent.] ber. |cent.| ber. | cent.| ber. | cent.| ber. | cent. | ber. | cent. 

Dallasscsesseses 490 47 | 9.6 72 | 14.7 Sie | lie C 68 | 13.9 Sal let 47 9.6 
Calvert......... 363 86 | 23.8 61 | 16.9 60 | 16.7 50 | 13.8 49 | 13.5 41 11.3 
Victoria .......- 785 | 371 | 47.3 | 216 | 27.6 | 116] 14.87 39] 5.0 14) als 13 Li 

Totaland 
average. 1,638 | 504 / 30.2; 349 | 21.3) 263 | 16.0] 157| 9.6] 150] 9.2] 101 6.2 
a _ . if | | 
FEMALE WEEVILS. 
Wallaseeeeseeee= 411 32.| 7.8 54 | 13.1 OT oe: 46 | 11.2 91 | 22.1 37 9.0 
Calvert.....-.-- 352 67 | 18.8 63) || L727 60 | 16.7 58 | 16.3 64/1552 oe, 9.0 
Victoria ......-- 564 | 293 | 51.9] 133 | 23.5 88 | 15.6 24!] 4.3 lat 2.0 10 1.8 
Totaland 
average. 1,327 | 392°) 29.5] 250] 18.8] 239] 18.0] 128] 9.6) 156] 11.7 79 5.9 
WEEVILS OF BOTH SEXES. 
Total and average, 2,967....| 896 | 30.2 | 599 | 20.2] 502] 16.9] 285] 9.6] 306] 10.3 | 180 | 6.1 
! 


MALE WEEVILS. 


Weevils dying within a period of— 


eet eer kalo70 dave! 71-80 days. 81-90 days. | 91-100 days. ah os 
; in series. 7 
Num- Per Num- Per Num- Per | Num-| Per |Num-| Per 
ber. cent. ber. cent. ber. cent. ber. | cent.| ber. | cent. 
IDSllaseesen sees 490 36 led 31 ora Di 1.0 flso 2 0.4 
Calvert......... 363 7 1.9 6 hay, 2 1.6 2 6 0! eeeees 
Victoria... ...:- 785 4 m5) 8 1.0 3 .4 (0 arate Nee cwesrae Ieee 
Total and 
average. 1, 638 47 2.9 45 12.8 10 6 9 .6 2 a 
FEMALE WEEVILS. 
IDE ae eenee ae 411 RP 7.8 Pape 5.4 4 1.0 1 |) 0:2 il 0.2 
Calverte=... ss. 352 9 a0, 3 8 5 1.4 2 6 1 ao 
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At Dallas the number of weevils surviving for two months or 
more amounted to 15.6 per cent of the total number observed. Prac- 
tically 50 per cent of each sex survived for more than six weeks. 

At Calvert 15 per cent of the total number of weevils survived 
over fifty days and 50 per cent for more than thirty days. The 
average life at Calvert was nearly ten days less than at Dallas. It 
is very noticeable that those weevils which lived longest at Calvert 
emerged during about the middle of the emergence period. The 
weevils which were very late in emerging survived for only a short 
time. The decrease in the percentage of survival is markedly regular 
from the first ten days to the end of the period. The most decided 
decrease occurs between sixty and seventy days. 

The maximum longevity at Victoria fell considerably short of 
that at Calvert and Dallas. In this case 15 per cent of the weevils 
survived beyond only about twenty-five days and nearly 50 per 
cent died during the first ten days. The reason for the marked 
shortening of life at Victoria was undoubtedly the greater exposure 
to sunshine of the jars in which the weevils were confined. 

This comparison shows that length of life uniformly averages 
longer in northern Texas than in either central or southern Texas. 
At Dallas 3 weevils, at Calvert 1, and at Victoria none lived more 
than one hundred days. At Dallas 11 weevils, at Calvert 5, and at 
Victoria none lived more than ninety days. From the grand sum- 
mary of the records in both sexes it appears that among approxi- 
mately 3,000 weevils 50 per cent died during the first twenty days. 
Two-thirds of them died in the first thirty days and three-fourths of 
them in the first forty days. 

From these records it appears that any kind of a food supply will 
serve to maintain a majority of the emerging weevils for more than 
three weeks. This consideration has a special significance in southern 
Texas, where sprout and volunteer cotton usually occur. This sub- 
ject will be further considered in the relation of hibernated weevils 
to food supply. 


BEARING* OF OBSERVATIONS ON FED AND UNFED WEEVILS ON THE 
POSSIBILITY OF AVOIDING DAMAGE TO COTTON BY LATE PLANTING. 


One of the most important features of the experiments on the long- 
evity, with and without food, of weevils that have survived the 
winter, is the bearing that the results have on the theory of late 
planting of cotton to avoid damage. This theory has been pro- 
pounded by numerous persons ever since 1895. 

In the series of experiments with unfed weevils 4,600 individuals 
were used; in the series with fed weevils 2,965. The unfed series is 
the more important with reference to late planting, The maximum 
length of life of the unfed weevils emerging in February, 1907, was 
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14 days; the average 6.9 days. The maximum of the individuals 
emerging in March was 51 days; the average 16.9 days. For the 
April-emerging weevils the maximum was 46 days; the average 21.2. 
For the May-emerging weevils the maximum 33; the average 15.8 days. 
Of the June-emerging weevils maximum 12 days; the average 7.4. It 
will be seen that even in such an abnormal season as 1907 weevils 
emerging any time during the month of May might be expected to live 
for at least 15 days and individuals emerging at any time during the 
month of June to live for more than 7 days. It 1s thus clear that many 
weevils emerging in May would survive without any food whatever 
until considerably after the middle of June and that those of the June 
emergence would survive in many cases beyond the first of July. 

It is important to note that a considerable percentage of the 
emerging weevils did not appear until late. For instance, 10.2 per 
cent of all the weevils which survived at Calvert did not appear 
until between May 10 and June 6. At Dallas the percentage for this 
period was 7.5, and at Victoria, 2.38. 

The observations on the longevity of the fed weevils also has a bear- 
ing on late planting, since there is always some volunteer cotton 
around seed houses and elsewhere that will be found by the weevils. 
The maximum length of life of the fed weevils which appeared in 
February was 47 days, the average 45 days; of March-appearing 
weevils the maximum 93 days, average 45.5 days; of April-appearing 
weevils maximum 82 days, average 46.5 days; of May-appearing 
weevils maximum 86 days, average 55 days; of June-appearing 
weevils maximum 46 days, average 37.8 days. 

The longevity of the weevils emerging in May and June is most 
important. The average survival of 55 days in one case and the 37.8 
in the other shows that with such food as can easily be obtained, at 
least some of the emerging weevils would be carried over until far 
into the summer, even if no cotton were planted. 

The records just referred to are, of course, a sufficient refutation of 
the theory that the weevil could be “‘starved out’ by late planting. 
It has been proposed, however, that the number of weevils surviving 
to damage late-planted cotton would be relatively so small that such 
cotton would have a better chance to mature a crop than that planted 
earlier. In order to test this matter the Bureau of Entomology has 
conducted practical field tests in which cotton has been planted 
about the 10th of June. In one season four of these experiments were 
performed in parts of Texas showing distinct climatic features and one 
in Louisiana in cooperation with the State Crop Pest Commission. In 
every case the yield was cut down so severely by the weevils that 
survived the prolonged period in which no cotton was to be found 
that the impossibility of producing cotton in that way was fully 
demonstrated. 
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SEX OF WEEVILS SURVIVING HIBERNATION. 


We found it possible to readily and accurately recognize male and 
female weevils without a partial dissection. In comparatively few 
species of weevils are the males and females so closely similar in gen- 
eral external character as in the case of the Mexican cotton boll 
weevil. It was found that size depended primarily upon the food 
supply of the larva and that it had no special significance in regard 
to sex, although it appears that the average male is slightly smaller 
than the average female. There exists a rather wide variation also 
in coloration, which also proved to depend upon food supply and 
age rather than upon sex. 


SECONDARY SEXUAL CHARACTERS. 


We are indebted to Dr. A. D. Hopkins, of the Bureau of Ento- 
mology, for indicating the most strongly marked points of difference 
in the secondary sexual characters of the boll weevil. The distinctive 
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Fia. 9.—Secondary sexual characters of Anthonomus grandis. (After Hopkins.) 


characters (see fig. 9) are found upon the snout and upon the dorsal 
side of the last two abdominal segments, which are normally almost 
completely hidden by the wing covers. The differences are subject to 
some variation but are still sufficiently constant to enable a close 
observer to positively separate males from females with the aid of a 
hand lens. Since these points of distinction have not previously 
been published it seems advisable to include them here, as they fur- 
nish the basis for the determinations of sex which follow. 
Female.—The snout of the female is slightly longer and more 
slender than that of the male. It usually tapers slightly from each 
end toward the middle when viewed from above. The antennze 
are inserted slightly farther from the tip than is the case in the male. 
The insertion is at about two-fifths of the distance from the tip of 
the snout to the eyes. As a rule the surface of the snout is more 
smooth and shining than in the male. A slight depression, rather 
elongated and much larger than any of the other punctures upon the 
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snout, occurs between the bases of the antennz. When the wing 
covers and wings are unfolded the abdomen shows seven distinct 
dorsal segments. The last segment visible from above in the female 
is called the propygidium. In the female this covers the terminal 
segment or pygidium, which can be seen only from the sides. 

Male.—Snout slightly shorter, thicker, and more coarsely punctured 
thaninthefemale. The depression mentioned in the female is lacking. 
The antenne are inserted at practically one-third of the distance from 
the tip of the snout to the eyes. The sides of the snout are very 
nearly parallel. In the abdomen the male shows eight distinct dorsal 
segments, the terminal segment (pygidium) not being covered by the 
propygidium as is the case in the female. 

In general practice an examination of the snout is sufficient to 
determine the sex of each weevil. 


PROPORTION OF SEXES SURVIVING HIBERNATION. 


The records here given as to the proportion of sexes surviving 
hibernation are confined to determinations of sex for positively 
hibernated adults. 


Taste XLVI.—Sex of weevils surviving hibernation in Texas. 


Male. Female. 
Year. Locality. NnGen Percent- mnben Percent- 
mined. |. mined. : 

amined. amined. 
1903250 |eSeveraliplacess= 2225 sane see nes a eee ee eee 269 60.7 174 39.3 
190 4See 4 CAlVeNt setetc ces 22 see ee oo ee 40 60.0 27 40.0 
1Q04LER S| PVAICTONIAE SMe eo.8 Aen Ae Bot oc en ee ee eee ee 42 66.7 21 33.3 
VO04 S224 lon cc CLO sare fee eee cere oe eee ee ee eee 161 ‘ps0 132 45.0 
1906...-|....- Onn se ec ce te te Se Cn ee ao ren A 84 59.6 57 40. 4 
Te elt WEN eoe 6 8 Sie ee St acing oh eee ae ae) 1, 668 54.2 1, 412 45.8 
190 fee ACB IMGT icra eter eetoee ae ae cre ae eter Pe ae 948 53.0 846 47.0 
LOZ 252"| @ViIGTORIG. 2 «82. 16 os cee ee eta acen oa eee eee ee 1, 660 61.3 1,049 38.7 
Totaliandia verscoess. senses s eeece ee eneeeeeeeee 4, 872 a 56.7 3,718 | a 43.3 


a Weighted average. 


While these records show considerable variation in the proportion 
of the sexes for different localities and during different seasons, there 
is a uniformity in the general preponderance of males. In the total 
of 9,000 weevils examined 53.6 per cent were males. This proportion 
corresponds quite closely to that found to exist among weevils enter- 
ing hibernation (see pp. 16-17). It is evident, therefore, that the pre- 
ponderance of males in the spring is not due to any superior power of 
endurance enabling them to hibernate more successfully than females. 
Apparently there is little, if any, difference in respect to the ability 
of the two sexes to hibernate successfully. 
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From a knowledge of the habits of the adults it appears that the 
preponderance of males in the spring is a favorable provision of nature, 
making it more certain for the sexes to mate and to insure reproduc- 
tion. Inspite of a number of attempts to obtain a definite answer 
to the question whether it is absolutely necessary for copulation to 
occur in the spring before females can reproduce, this point has not 
been positively settled. There are indications, however, that in most, 
if not all, cases this is essential. The fact that mating occasionally 
occurs immediately after emergence but before either sex has fed in 
the spring has previously been noted. Unfertilized females at any 
season of the year deposit nearly all of their eggs upon the outside of 
squares or bolls, where they quickly dry up. No sign of partheno- 
genesis has been found. The meeting of males and females is to a 
large degree accidental, and during a season when weevils are com- 
paratively scarce it is likely that in very many cases the sexes fail to 
come together or the meeting may be delayed for a considerable 
period. 

Experiments have shown that the male weevils do not actively seek 
the females. They seem to recognize their presence through a dis- 
tance of hardly more than aninch. The meeting of the sexes depends 
therefore largely upon their coming into close proximity upon a cot- 
ton plant. Since the males are less active in their movement than are 
the females, the value of the existence of a majority of males be- 
comes apparent. The larger number of males and the more active 
habits of the females serve to increase the chances for the meeting 
of the sexes in the spring without materially decreasing the power 
of multiplication of the species. 


RELATION OF HIBERNATED WEEVILS TO FOOD SUPPLY. 


The relation of hibernated weevils to food supply is an important 
subject, since the reproduction and multiplication of the species de- 
pend primarily upon this point. As has been shown in numerous 
places the emergence period of the weevil practically coincides with 
the average period in the planting of cotton. The long duration of 
emergence makes it practically impossible to secure the planting of 
the entire crop either earlier or later than the emergence period of the 
weevil. It has been found both from the study of the weevil and from 
large-scale experiments in the culture of cotton that during nearly 
every season there is a decided advantage in planting the crop as 
early as soil and climatic conditions may permit. Too much empha- 
sis can not be placed upon the fact that, at whatever time the cotton 
in a locality may be planted, there will be a decided advantage in hav- 
ing it all planted at as near a uniform date as is possible. It is obvious 
that this will entirely prevent the development of weevils until prac- 
tically all of the crop begins fruiting. In this way the fruiting of the 
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plant may take place most rapidly during the period of development 
of the first and second generations of weevils. 

Karly planted fields, although they may serve to attract, in some 
small degree, the weevils from surrounding fields, will almost invariably 
produce larger yields than later planted fields in the same locality. 
The reason for this is, primarily, the longer period which intervenes 
between the beginning of setting fruit with its coincident reproduction 
of weevils and the time when maximum infestation of the field occurs. 
Comparatively few weevils appear to move from one field of cotton to 
another until after maximum infestation takes place. 

Repeated experiments in deferring the planting time of cotton have 
invariably resulted in small and comparatively unprofitable crops. 

Extended observations made during the spring of 1906 showed that 
volunteer® cotton occurred very commonly in fields and yards, along 
roadsides, and around ginneries and seed houses in every one of the 
seventeen localities examined about the middle of May, representing 
territory then infested by the weevil and also extending outside the in- 
fested territory into Mississippi, Arkansas, and Tennessee. This makes 
it practically certain that volunteer? cotton occurs everywhere 
throughout the cotton-growing area, and it may therefore have con- 
siderable significance in supplying emerged weevils with their first 
food in spring. : 

Extensive examinations have also shown that sprout® cotton com- 
monly occurs throughout the southern half of the weevil-infested area 
in Texas during the average season. As a rule the development of 
this takes place several weeks in advance of the average planted cot- 
ton, and it becomes therefore a very important factor in maintaining 
hibernated weevils and in the development of their first progeny. 
Although attention has repeatedly been called to this fact, large quan- 
tities of sprout cotton are still allowed to grow unchecked. It is 
doubtful whether it is advisable to cultivate this even where it 
amounts to half a stand. Wherever scattering plants occur in a field 
of planted cotton they should certainly be chopped out as quickly as 
they occur. The profit to be derived from them is nothing when com- 
pared with the great damage which their presence may inflict upon 
the remainder of the crop through providing the earliest opportunities 
for the reproduction and multiplication of the weevils. 


a The term ‘‘volunteer” is restricted to that class of cotton coming from the acci- 
dentally scattered seed of a preceding crop. Sprout cotton, also called stubble or 
seppa cotton, is a sprout growth from old cotton roots occurring during the winter or 
subsequent spring. 
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SUMMARY AND CONCLUSIONS. 


Hibernation is the term used to designate those phases in the life 
and seasonal history of the boll weevil (or of any other animal or 
plant) which are concerned with its existence through the winter and 
the manner in which the species is protected or maintained in passing 
from one season to the next. Food, climatic, and shelter conditions 
are the principal factors concerned in hibernation. 

Food conditions in the fall govern largely the abundance of indi- 
viduals which may enter hibernation and therefore affect the abun- 
dance of the species in the following spring, since climatic and shelter 
conditions govern largely the proportion of the hibernating individ- 
uals which may survive. 

A large majority of the weevils developed in a field during the 
season are produced from squares. 

Weevils becoming adult comparatively late in the season are more 
likely to survive hibernation than are those which have been active 
for a number of weeks before the time arrived for them to hibernate 
successfully. 

It is possible that offspring of each of the four or five generations 
which are produced on the average may survive to enter hibernation. 

No “top crop’? can reasonably be expected within the weevil- 
infested area. 

All stages of the weevil may enter hibernation and under excep- 
tionally favorable climatic conditions larvee which are more than half 
erown may complete their development if in bolls and become mature 
during the hibernation period. Immature stages in squares rarely 
survive. Nearly all of the weevils surviving were adult before the 
beginning of the hibernation period. 

The destruction of stalks in the fall, as long as possible before the 
normal hibernation time, is the most economical and effective method 
known for reducing the number of weevils entering hibernation. 

‘“Wntrance into hibernation”’ denotes the beginning of the generally 
inactive period, but it does not necessarily imply a change of position 
for the individuals involved. For the species and often also for the 
individual it is a gradual process depending primarily upon tempera- 
ture conditions. The duration of the entrance period for the species 
depends upon the severity of the drop in temperature below about 
43 degrees of mean average temperature. This period usually occurs 
coincidently with the first killing frosts and extends through a period 
of about twenty-five days. 

From close examination of 1,750 weevils it seems that about 60 
per cent of those entering hibernation are males. 

The number of weevils per acre or per plant which may enter hiber- 
nation depends especially upon preceding climatic and food conditions 
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and has been found to vary in different seasons and localities, occa- 
sionally being as high as 50,000 weevils per acre, or an average of from 
7 to 10 weevils per plant. An average of the results in 17 of the 
most carefully studied fields shows 8,552 weevils per acre, or slightly 
more than 1 weevil per plant. 

The proportion between the numbers of weevils hibernating on the 
stalks and among rubbish scattered on the surface of the ground 
changes as the season advances, the number on the stalks decreasing. 

Great mortality occurs soon after the weevils enter hibernation, 
especially among those upon the surface of the ground. 

Tibernation usually takes place as the mean average temperature 
falls below 55 degrees and may remain complete until the mean 
temperature rises above 60 degrees. 

Weevils may avail themselves of almost any kind of shelter, and 
the favorable character of the shelter in relation to prevailing cli- 
matic conditions will influence the percentage of survival. Many 
pass the winter sheltered by the old bolls that remain hanging upon 
the stalks. The percentage of survival in bolls decreases generally 
from southern to northern Texas. Bolls are frequently so important 
a factor in shielding weevils from one season to another that it is 
advisable to destroy them as a regular practice even in northern | 
Texas. 

Exceptionally cold and wet winter weather is most unfavorable for 
weevil survival. The destruction of possible shelter through clean 
culture in the fall is an effective way of reducing weevil injury to the 
following crop. The shelter to be found in timber fringes around 
cotton fields is much more difficult to remove or control than is that 
within the fields. The importance of such unavoidable conditions 
may be minimized by judicious cleaning up and by rotation of crops. 

Occasionally weevils may survive in stored cotton seed and be dis- 
tributed along with it at planting time. This fact justifies the main- 
tenance of quarantine regulations against the free movement from 
infested to uninfested territory of cotton seed and closely related 
cotton products which are apt to shelter weevils. 

Most of the information obtained in regard to the hibernation of 
the weevil has resulted from cage experiments in which the influential 
conditions could be separated and to some degree brought under 
control. 

During the winter of 1902-3, at Victoria, Tex., in the small-cage 
experiments with 356 weevils, an average of about 11 per cent sur- 
vived. During the following season, also at Victoria, among 400 
weevils but one-fourth of 1 per cent survived. During the winter of 
1904-5 larger numbers of weevils were under observation at each of 
six localities ranging from the southern to the northern portions of 
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the infested area. This was the season of most exceptional rainfall 
and cold, and it was not surprising that no weevils survived in the 
cage tests except at Victoria, which was the southernmost point 
of experiment. An average for the six localities shows a survival of 
less than two-thirds of 1 per cent. In the small-cage work of 1905-6 
there was an average survival of 1.3 per cent, and practically all of 
this occurred in the outdoor cages. 

The most important work done in 1905-6 was in a large cage at 
Keatchie, La., where 25,800 weevils were placed in 18 compartments. 
The survival in this cage was 2.82 per cent, and the emergence oc- 
curred between March 22 and June 28, 1906. The cages having 
nearest to the ordinary field conditions with poor cultivation gave 
the largest percentage of successful hibernation. A study of the 
emergence and temperature records for similar experiments at Dallas, 
Tex., and Keatchie, La., shows that at the former place approximately 
50 per cent of the emergence occurred while the temperature ranged 
between 58 and 68 degrees, while at the latter place one-half of the 
total emergence took place while the temperature ranged between 
about 65 and 75 degrees. Very few weevils emerged while the tem- 
perature was below 57 degrees. 

There is an optimum period for entrance into hibernation, and 
weevils entering during this period have a considerably better chance 
of surviving than do those which enter either earlier or later. If 
hibernation is begun earlier than this optimum period, it is likely that 
emergence will be completed earlier during the following season, and 
also if entrance occurs later than this period it is likely that emer- 
gence will begin unusually early in the following spring. 

Variation in the period of entrance into hibernation and the dif- 
ference in the nature of the shelter secured by the weevils may rea- 
sonably account for the variations found in the amount of accumu- 
lated effective temperature required to produce complete emergence 
in the spring. 

Weevils emerging earlier in the season survived for a longer period 
than did those which emerged after the middle of the emergence 
period. It is a common occurrence for weevils to leave their winter 
quarters upon warm days in spring, returning again to a condition 
of inactivity for a period of several days or even weeks. Disappear- 
ance and reappearance in the case of plainly marked individuals has 
been observed to occur as many as eight times, and a maximum 
period of forty-three days between appearances has been recorded. 
These facts argue very strongly indeed against the proposition which 
is sometimes made by those who are not thoroughly familiar with the 
habits of the weevil, to starve the emerged weevils by deferring the 
planting of cotton in the spring. Two lots of 20 and 8 weevils sur- 
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vived for an average of thirty and sixty days, respectively, after emer- 
gence without a particle of green food from the time of their entrance 
into hibernation to the time of their death. Other tests show similar 
results. 

The hibernation experiments of 1906-7 consisted of large-cage 
work in three localities representing the northern, central, and 
southern portions of the infested area. Each cage inclosed 10 sepa- 
rate experiments and the comparisons made possible by the three 
locations, the different shelter conditions, and the different dates of 
instituting the experiments furnish the basis for the most complete 
and significant work which has been done with the hibernation of the 
weevil. 

Owing to the exceptional mildness of this season, complete hiber- 
nation did not occur at any time during the winter in any part of 
Texas. Hmergence began during the last week or ten days of Feb- 
ruary, 1907. At Dallas 7.8, at Calvert 10.5, and at Victoria 27.7 per 
cent of the total numbers of weevils placed in the cages were counted 
as being active at some time during the winter season when they 
should normally have all been in complete hibernation. About 13 
per cent of the adult weevils buried with a lot of bolls under 2 inches 
of heavy, black soil escaped and were found upon the cage screen dur- 
ing the next few days. Weevils were active in the field as well as in 
the cages during this winter. The period of greatest emergence oc- 
curred during the latter part of March, which was undoubtedly from 
four to six weeks earlier than is usual. Succeeding low temperatures 
served to prolong the period of emergence until the Ist of July. In 
the three localities under observation an average of 11.5 per cent of 
the 75,000 weevils placed in the experiments survived and emerged 
in the spring of 1907. 

Grouping the experiments in the three localities according to the 
dates of installation of the weevils and averaging the percentages of 
survival in each group, it appears that there was a steady increase in 
this percentage upon succeeding dates after the middle of October, 
when the experiments were started, to the end of November, when 
the last weevils were placed in the cages. This increase is so nearly 
regular as to prove conclusively that the date at which weevils are 
deprived of food in the fall, in its relation to the most favorable period 
for entrance into hibernation, has a most vital influence upon the 
prospect for survival. Among the weevils started October 14 but 
3.14 per cent survived, while among those started just one month 
later an average of 19.67 per cent survived. - These results prove 
absolutely the advisability of destroying the food supply of the 
weevils at least three weeks before the usual time for the first frosts 
to occur, and they show very plainly just why such a practice is the 
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most effective method yet found for reducing the number of weevils 
that may survive the winter to attack the crop of the following sea- 
son. This portion of the bulletin, especially, should be carefully 
studied in detail. 

The survival in the various sections of the cages in the three locali- 
ties ranged from 1.89 to 31.34 per cent. The average survival in 
each of the localities was as follows: Calvert, 9.49 per cent; Dallas, 
11.22 per cent; Victoria, 13.47 per cent. 

At Dallas the largest percentage of survival occurred in a section 
of the cage having an abundance of fallen leaves, in which the weevils 
were placed on November 15 and with the cotton stalks left standing. 
The smallest survival occurred in a section having fully as favorable 
shelter conditions but in which the weevils were placed on October 13 
and left without any food from October 15. 

At Victoria the largest survival occurred among weevils started on 
November 6 without food in the section provided with Spanish moss 
and_ bark. 

The winter was too mild to furnish any comparative test of the 
favorableness of various shelter conditions, but in general it appears 
that fallen leaves, Spanish moss, and a heavy growth of grass are 
most favorable to the weevils wherever they may occur. 

Temperature conditions were practically normal during November, 
1906, and the most favorable time for entrance into hibernation was 
between November 12 and 15 at Dallas and slightly later at the 
more southern points. 

In each locality the maximum longevity was shown by males, and 
the average duration of life of that sex was also slightly in excess of 
that of females. The average survival of all weevils kept without 
food was about ten days, and a considerable number lived to between 
six and twelve weeks after emergence. The maximum survival for 
any unfed weevil was ninety days. Obviously there is no chance to 
starve out all weevils by any possible delay in planting. 

Among the fed weevils the longest-lived was also a male which 
was active for one hundred and thirty days after its emergence. 
The longest-lived female was active for one hundred and eighteen 
days. The average active life for all fed weevils was 25.5 days after 
emergence. Practically one-half of all fed weevils lived for more 
than six weeks in the spring. 

The sex was determined for more than 8,500 weevils which had 
survived the winter, and it was found that 56.7 per cent of these were 
males. There is an invariable preponderance of males both in the 
fall upon entering hibernation and in the spring upon emergence 
therefrom. 

Reproduction can not begin until the first squares become at least 
half grown. At whatever date cotton may be planted in a locality, 
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there is a decided advantage in having it all planted at as nearly a 
uniform date as is possible. As a rule early-planted fields yield better 
than do those planted later, but with similar conditions of seed, soil, 
and cultivation. All volunteer and sprout cotton developing in 
advance of the main crop should be destroyed before it forms squares, 
since otherwise it may furnish the weevils with opportunities for 
reproduction for some time before squares become common and 
thereby unnecessarily, early in the season, increase their numbers 
and the resultant injury to the main crop. 
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